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ABSTRACT  The  object  of  this  effort  was  to  determine  the  cost  effectiveness 
of  co-firing  RDF  in  existing  Navy  boilers.  The  cost-benefit  analysis  was 
performed  using  the  NCEL  RDF  Cost  Model  and  site  specific  boiler  and  cost 
data  acquired  from  four  naval  activities  that  were  determined  to  have  the 
highest  probability  of  successful  co-firing.  The  cost  effectiveness  was 
measured  by  the  savings  to  investment  ratio  (SIR)  and  computed  over  a  range 
of  cost  and  operating  conditions  to  determine  optimum  RDF  co-firing 
scenarios  for  each  facility.  Based  on  present  laid  down  coal  costs  and  solid 
waste  disposal  charges,  no  set  of  operating  conditions  could  be  identified 
wherein  the  use  of  either  co-fired  RDF-3  or  RDF-5  could  be  economically 
justified.  Volume  I  presents  the  report;  Volume  II  contains  appendixes,  and 
Volume  1 1 1  is  the  terminal  manual  of  RDF  cost  model.  « C 
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savings  to  investment  ratio  (SIR)  and  computed  over  a  range  of 
cost  and  operating  conditions  to  determine  the  optimum  RDF 
co-firing  scenarios  for  each  facility.  Based  on  present  laid- 
down  coal  costs  and  solid  waste  disposal  charges,  no  set  of 
operating  conditions  could  be  identified  wherein  the  use  of 
either  co-fired  RDF-3  or  RDF-5  could  be  economically  justified. 
Volume  I  presents  the  report;  Volume  II  contains  appendixes, 
and  Volume  III  is  the  terminal  manual  of  RDF  cost  model. 
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From:  Commanding  Officer,  Naval  Civil  Engineering  Laboratory, 

Port  Hueneme,  CA  93043 

To:  Commanding  Officer,  Naval  Amphibious  Base  Little  Creek, 

PHD  (Code  N46),  Norfolk,  VA 

Sub j :  INPUT  DATA  REQUIRED  FOR  COST/BENEFIT  MODELLING  OF 

RDF  FUELS  FOR  COFIRING  WITH  COAL  IN  STOKER  FURNACES 

Ref:  (a)  NAVFAC  Energy  Project  Work  Unit  Z0371 *01 -421 D/ E 

(  b)  Phonecon  from  NCEL  R.  M.  Roberts  to  your  office  24 
OCT  85 

Enel:  (1)  RDF/Coal  Cofired  Boiler  Model  Input  Data 

Quest i onnai re 

1.  Enclosure  (1)  is  transmitted  for  your  completion.  It  is 
requested  that  the  subject  data  be  provided  for  use  in  reference 
(a)  as  explained  by  reference  (  b)  . 

2.  It  is  expected  that  there  may  be  some  difficulty  with  some  of 
the  model  input  information  requested.  Determination  of  the 
limits  of  information  availability  is  an  important  consideration 
in  the  configuring  of  the  RDF/Coal  Cofired  Boiler  Model.  He  will 
therefore  be  as  interested  in  examining  what  data  you  can  supply 
us  with  as  we  will  be  in  finding  out  what  data  you  cannot.  To 
ensure  that  our  questions  are  clear  and  properly  structured,  we 
urge  you  to  solicit  as  often  as  necessary  the  assistance  of  the 
contractor  who  is  responsible  for  the  final  design  of  the  model. 
He  may  be  reached  as  follows: 

Mr.  Gary  E.  Smith 
Systech  Corporation 
245  No.  Valley  Rd. 

Xenia,  OH  45385 

(513)  372-8077  or  (513)  429-2533 

3.  When  you  have  completed  the  questionnaire,  please  mail  it  to 

the  contractor  If  there  are  any  administrative  issues  that  need 
attention,  please  contact  me  on  A/V  360-4193,  FTS  799-4193,  or 
comm' 1  (805)  982-4193.  We  will  appreciate  having  your 

questionnaire  by  15  November  1985. 
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NAVAL  CIVIL  ENGINEERING  LABORATORY 
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Ser  L71/RMR  RDF 
24  October  1985 


From.  Commanding  Officer,  Naval  Civil  Engineering  Laboratory, 
Port  Hueneme,  CA  93043 

To:  Commanding  Officer,  Puget  Sound  Naval  Shipyard,  PHD 

(Code  53.1),  Bremerton,  HA 

Subj:  INPUT  DATA  REQUIRED  FOR  COST/BENEFIT  MODELLING  OF 

RDF  FUELS  FOR  COFIRING  HITH  COAL  IN  STOKER  FURNACES 

Ref:  (a)  NAVFAC  Energy  Project  Hork  Unit  Z0371 -01 -421 D/ E 

( b)  Phonecon  from  NCEL  R.  M.  Roberts  to  your  office  24 
OCT  85 

Enel:  (1)  RDF/Coal  Cofired  Boiler  Model  Input  Data 

Ques  t i onnai re 

1.  Enclosure  (1)  is  transmitted  for  your  completion.  It  is 
requested  that  the  subject  data  be  provided  for  use  in  reference 
(a)  as  explained  by  reference  ( b) . 

2.  It  is  expected  that  there  may  be  some  difficulty  with  some  of 
the  model  input  information  requested.  Determination  of  the 
limits  of  information  availability  is  an  important  consideration 
in  the  configuring  of  the  RDF/Coal  Cofired  Boiler  Model.  He  will 
therefore  be  as  interested  in  examining  what  data  you  can  supply 
us  with  as  we  will  be  in  finding  out  what  data  you  cannot.  To 
ensure  that  our  questions  are  clear  and  properly  structured,  we 
urge  you  to  solicit  as  often  as  necessary  the  assistance  of  the 
contractor  who  is  responsible  for  the  final  design  of  the  model. 
He  may  be  reached  as  follows: 

Mr.  Gary  E.  Smith 
Systech  Corporation 
245  No.  Valley  Rd. 

Xenia,  OH  45385 

(513)  372-8077  or  (513)  429-2533 

3.  Hhen  you  have  completed  the  questionnaire,  please  mail  it  to 

the  contractor.  If  there  are  any  administrative  issues  that  need 
attention,  please  contact  me  on  A/V  360-4193,  FTS  799-4193,  or 
comm' 1  (805)  982-4193,  He  will  appreciate  having  your 

questionnaire  by  15  November  1985. 
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CURRENT  FUEL  IIF0RMAT10N 
CURRENT  FUEL  TYPE 


/OOT£.  Tin', 5  ite 4X  P'*"T  Cu  "<«  +  <-/  U»<Lev 
cv\l_C.  jo  on j  dtm/c.  <S>c~T  <'9  0 0 


CURRENT  FUEL  VALUE  TO  BOILER  AT  NCR  (BTU/HRI 

(FOR  1>C  F0LL0HIN6,  SUPPLY  FUEL  ANALYSIS  REPORT  IF  AVAILABLE) 

HI6HER  HEATING  VALUE  OF  CURRENT  FUEL  (BTU/LB) 

FRACTIONAL  ASH  CONTENT  OF  CURRENT  FUEL,  AS-RECIEVED 
FRACTIONAL  MOISTURE  CONTENT  OF  CURRENT  FUEL 
HYDROGEN  NASS  FRACTION  OF  AS-RECD  CURRENT  FUEL 
SULFUR  MASS  FRACTION  OF  AS-RECD  CURRENT  FUEL 
SPECIFIC  HEAT  OF  CURRENT  FUEL 

CURRENT  CARBON  LOSSES  AS  PERCENT  OF  MAXIHJM  FUEL  VALUE  TO  BOILER  AT  NCR 
CURRENT  RADIATION  LOSSES  AS  PERCENT  OF  MAXIMUM  FUEL  VALUE  TO  BOILER  AT  NCR 
TEMPERATURE  OF  CURRENT  FUEL  AT  BOILER  BOUNDARY  (  DEG  F) 

EXCESS  AIR  REQUIRED  FOR  CURRENT  FUEL  AT  NCR  <*) 

MAXIMUM  BOILER  TURNDOWN  ACHIEVABLE  UITH  CURRENT  FUEL  U> 

EXCESS  AIR  REQUIRED  FOR  CURRENT  FUEL  AT  NEAR  MAXIMUM  TURNDOWN  <%> 
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BOILER  AND  EQUIPMENT  INFORMATION 

FOR  M  FOLLOWING,  GIVE  THE  MANUFACTURER,  EQUIPMENT  DESCRIPTION  AND  RATED  CAPACITIES  OR  THROUGHPUTS 


FUE.  FEED  SYSTEM 


GRATE  SYSTEM 

ASH  HANDLING  SYSTEM 

MULTICLONES  OR  CYCLONES 


SCRUBBERS 


BAGHOUSE 
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IS  TIC  BOILER  EQUIPPED  WITH  : 


Ml  ID  FAN 

SOOTBLOWERS  FOR  THE  COWECTIK 
AN  ECONOMIZER 

SOOTBLOWERS  FOR  THE  ECONOMIZER 
WMT  TYPE  OF  ECONOMIZER  TUBES’ 


ys.jS  20406  A-CFaA 

(a<)R  [>/A*t0+'dL  t~6  py 

J*S _ 

Yf_£  Q9-&  b  tAA*6*jd-  fLo'td  *'  y 
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OPERATIONS  INFORMATION 


AVAILABILITY  OF  EXISTING  BOILER  FIRED  WITH  CURRENT  Fl£L  (<) 
DOES  ADEQUATE  BACKUP  CAPABILITY  EXIST 
DOES  BOILER  HAVE  A  HISTURY  OF  SLAGGING 


A//  A _ 

yt£  /e<  U*Jl' 


sJ  /A 


FOR  TIC  FOLLOWING,  SUPPLY  TEST  REPORTS  ON  PARTICULATE  EMISSIONS  COMPLIANCE  OR  BOILER  EFFICIENCY  TESTS  IF  AVAILABLE 
APPLICABLE  PARTICULATE  EMISSIONS  STANDARD  J  . P  ** 


ACTUAL  PARTICULATE  EMISSIONS 
STACK  TEMPERATURE  (DEG  F) 

STACK  VOLUMETRIC  FLOW  RATE  (ACFM) 

AIR  TEMP  AT  FD  OR  AIR-HEATING  INLET  (DES  F) 
PREHEAT  COMBUSTION  AIR  TEMP  (DEG  F) 

FUEL  TEMP  AT  BOILER  BOUNDRY  (DEG  F) 

BOTTOM  ASH  TEMP  AT  BOILER  BOUNDARY  (DEG  F) 
FLY  ASH  TEMP  AT  BOILER  BOUNDARY  (DEG  F) 


/OljLoO  ACFM  _ 
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ECONOMIC  INFORMATION 

BASIC  UNBURDENED  OPERATOR  MAGE RATE  (4/HR) 

BURDENING  ON  BASIC  WAGE  RATE,  A  MULTIPLIER 
COST  OP  CONVENTIONAL  FUEL  (4/TON) 

COST  OF  ELECTRICITY  (4/KWH) 

DISPOSAL  COST  FOR  ASH  (4/TON) 

STEAM  DEMAND  BY  SHIR  BY  SEASON  BY  DAY,  AVERAGE  HOURLY  (BTU/HR) 
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SHIFT  3 
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SPRING  AND  FALL 

MON-FRI 
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SAT 
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&S;0oO 

DISPOSAL  COST  FOR  MUNICIPAL  SOLID  HASTE  OR  BASE  HASTE  (4/TON)  _ £?  ^ 

PROJECTED  FUTURE  DISPOSAL  COST  FOR  MUNICIPAL  SOLID  HASTE  OR  BASE  HASTE  £  'ZS'  -$o  T^oaj  /<f&7 

PROJECTED  LIFE  OF  LOCAL  LANDFILL (S)  _ /??/ 

AFKJAL  GENERATION  RATE  OF  BASE  HASTES  (TON/YR)  ^^jDCO  7&AJ  /  y  /Z 

NAME  AND  PHOC  NLPTBER  OF  CONTACT  PERSON  IN  CHARGE  OF: 

NAVAL  HASTE  DISPOSAL  ACTIVITIES  K*E  _ pk>£  ,  Let  -  47i-Zetz-? 

LOCAL  COMMUNITY  OR  COUNTY  SOLID  HASTE  AUTHORITY  f«ME  grew  Aif  Du  pq.M  L _ pnCNE  4  ZoL  -  47?-  ,7* * 
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4  December  1985 


From:  Brian  Pedersen,  Naval  Submarine  Base,  Bangor 
To:  Gary  E.  Smith,  Systech  Corporation 

Subj :  INPUT  DATA  FOR  COST/BENEFIT  OF  CO  FIRING  WITH  COAL  IN  STOKER  FURNACES. 

Ref:  (a)  Naval  Civil  Engineering  Laboratory  letter  Ser  L71/RMRRDF  dated  2U 

October  1985 

1.  The  accompanying  information  is  provided  as  requested  by  reference  (a). 

2.  Further  questions  may  be  addressed  to  the  undersigned. 


BRIAN  PEDERSEN 

C/0  Naval  Submarine  Base  Bangor 
Bremerton,  WA  98315 


*- 


DEPARTMENT  OF  THE  NAVY 

NAVAL  CIVIL  ENOINEERINO  LABORATORY 

PORT  HUENEME,  CA  93043  in  »mv  «[P[N  to 

3900 

Ser  L71/RMR  RDF 
24  October  1985 


Commanding  Officer,  Naval  Civil  Engineering  Laboratory, 
Port  Hueneme,  CA  93043 

Commanding  Officer,  Naval  Submarine  Base,  Bangor 
PHD  (Code  821),  Bremerton,  HA 

INPUT  DATA  REQUIRED  FOR  COST/BENEFIT  MODELLING  OF 
RDF  FUELS  FOR  COFIRING  HITH  COAL  IN  STOKER  FURNACES 

(a)  NAVFAC  Energy  Project  Hork  Unit  Z0371 -01 -421 D/ E 
(  b)  Phonecon  from  NCEL  R.  M.  Roberts  to  your  office  24 
OCT  85 

(1)  RDF/Coal  Cofired  Boiler  Model  Input  Data 
Quest i onnai re 

1.  Enclosure  (1)  is  transmitted  for  your  completion.  It  is 
requested  that  the  subject  data  be  provided  for  use  in  reference 
(a)  as  explained  by  reference  (  b) . 

2.  It  is  expected  that  there  may  be  some  difficulty  with  some  of 
the  model  input  information  requested.  Determination  of  the 
limits  of  information  availability  is  an  important  consideration 
in  the  configuring  of  the  RDF/Coal  Cofired  Boiler  Model.  He  will 
therefore  be  as  interested  in  examining  what  data  you  can  supply 
us  with  as  we  will  be  in  finding  out  what  data  you  cannot.  To 
ensure  that  our  questions  are  clear  and  properly  structured,  we 
urge  you  to  solicit  as  often  as  necessary  the  assistance  of  the 
contractor  who  is  responsible  for  the  final  design  of  the  model. 
He  may  be  reached  as  follows: 

Mr.  Gary  E.  Smith 
Systech  Corporation 
245  No.  Valley  Rd. 

Xenia,  OH  45385 

(513)  372-8077  or  (513)  429-2533 

3.  Hhen  you  have  completed  the  questionnaire,  please  mail  it  to 

the  contractor.  If  there  are  any  administrative  issues  that  need 
attention,  please  contact  me  on  A/V  360-4193,  FTS  799-4193,  or 
comm'  1  (  805)  982-4193.  He  will  appreciate  having  your 

questionnaire  by  15  November  1985. 

Richard  M.  Roberts 
Chemical  Engineer 
Code  L71 
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ENCLOSURE  (1) 


NAVAL  BASE 
BU>  I 

BOILER  • 

PRIMARY  CIXTACT  PERSON 

TIRE 

PHONE  • 


<»/? 

Af<0O _ . 


_Z _ 

R.io/.#ruL  'l/kdxc*' 


■a  *><. 


&4.rJ  jjLdzXQL _ 


DESIGN  FUEL  HfORHATlON 


DESIGN  TOTAL  FUEL  VALUE  TO  BOILER  AT  ICR  (MAXIMUM  CONTINUOUS  RATHE)  (BTU/HR) 
DESIGN  FUEL  TYPE 

HI9ER  (EATING  VALUE  OF  DESIGN  FUEL  (BTU/LB) 

FRACTIONAL  ASH  CONTENT  OF  DESIGN  FUEL,  AS-RECIEVED 
FRACTIONAL  MOISTURE  CONTENT  OF  DESIGN  FUEL 
HYDROGEN  HASS  FRACTION  OF  AS-RECIEVED  DESIGN  FUEL 
SPECIFIC  (EAT  OF  DESIGN  FUEL 

DESIGN  CARBON  LOSSES  AS  PERCENT  OF  MAXIMUM  FUEL  VALUE  TO  BOILER  AT  NCR 
DESIGN  RADIATION  LOSSES  AS  PERCENT  OF  MAXIMUM  FUEL  VALUE  TO  BOILER  AT  MCR 
DESIGN  TEMPERATURE  OF  DESIGN  FUEL  AT  BOILER  BOUNDARY  (DEG  F) 


u-'s 

S [.  t-*>  1 3  &  Brit. 

^  7o  f~o  y 

iO  Vo  _ 


DESIGN  EXCESS  AIR  REQUIRED  FOR  DESIGN  FUEL  AT  MCR  (X) 


gjggXT  FUEL  IWFggNQTIgN 


CURREMT  FUEL  TYPE 


bt+utni Cro+s- 


CURRENT  FUEL  VALUE  TO  BOILER  AT  NCR  (BTU/HR) 


(FOR  THE  FOLLOWING,  SUPPLY  FUEL  ANALYSIS  REPORT  IF  AVAILABLE) 


HIGHER  fCATING  VALUE  OF  CURRENT  FUEL  (BTU/Lfi) 


FRACTIONAL  ASH  CONTENT  OF  CURRENT  FUEL,  AS-RECIEVED 


FRACTIONAL  NOISTURE  CONTENT  OF  CURRENT  FUEL 


HYDROGEN  NASS  FRACTION  OF  AS-RECD  CURRENT  FUEL 


SULFUR  NASS  FRACTION  OF  AS-RECD  CURRENT  FUEL 


SPECIFIC  )€AT  OF  CURRENT  FUEL 


CURRENT  CARBON  LOSSES  AS  PERCENT  OF  NAXI**  FUEL  VALUE  TO  BOILER  AT  NCR 
CURRENT  RADIATION  LOSSES  AS  PERCENT  OF  NAUNUH  FUEL  VALUE  TO  BOILER  AT  NCR 
TEMPERATURE  OF  CURRENT  FUEL  AT  BOILER  BOWDARY  (  DEG  F) 


El CESS  AIR  REQUIRED  FOR  CURRENT  FUEL  AT  NCR  U> 


NAXINUN  BOILER  TURNDOWN  ACHIEVABLE  WITH  CURRENT  FUEL  «) 


EXCESS  AIR  REQUIRED  FOR  CURRENT  FUEL  AT  t£AR  NAXINUN  TURNDOWN  (U 


BOILER  AND  EQUIPMENT  INFORMATION 

FOR  TVC  FOLLOWING,  6IVE  T>£  MANUFACTURER,  EQUIPMENT  DESCRIPTION  AND  RATED  CAPACITIES  OR  THROUGHPUTS 


(<2 3^p 


Z.C2L 


FUEL  FEED  SYSTEM 


GRATE  SYSTEM 


ASH  HANDLING  SYSTEM 


IU.TIQ.OCS  OR  CYCLOCS 


SCRUBBERS 


T/’/g  • 


Ji): e/ikei 


'o-y  £-  (€,  o  r/z  o : 


IS  DC  BOILER  EQUIPPED  WITH  i 


AN  ID  FAN 

SOOTBLOWERS  FOR  TIC  COWECTIVE 
AN  ECONOMIZER 

SOOTBLOWERS  FOR  DC  ECONOMIZER 
HHAT  TYPE  OF  ECONOMIZER  TUBES? 


OPERATIONS  INFORMATION 


AVAILABILITY  OF  EXISTING  BOILER  FIRED  WITH  CURRENT  FUEL  tt) 
DOES  ADEQUATE  BACKUP  CAPABILITY  EXIST 
DOES  BOILER  HAVE  A  HISTURY  OF  SLAGGING 


FOR  DC  FOLLOWING,  SUPPLY  TEST  REPORTS  ON  PARTICULATE  EMISSIONS  COMPLIANCE  OR  BOILER  EFFICIENCY  TESTS  IF  AVAILABLE 


APPLICABLE  PARTICULATE  EMISSIONS  STANDARD 
ACTUAL  PARTICULATE  EMISSIONS 
STACK  TEMPERATURE  (DEG  F) 

STACK  VOLUMETRIC  aOU  RATE  (ACFM) 

AIR  TEMP  AT  FD  OR  AIR-+CATING  IH£T  (DE6  F) 
PREHEAT  COMBUSTION  AIR  TEMP  (DEG  F) 


FUEL  TEMP  AT  BOILER  BOUNDRY  (DEG  F) 

BOTTOM  ASH  TEMP  AT  BOILER  BOUNDARY  (DE6  F) 


aY  ASH  TEMP  AT  BOILER  BOKDARY  (DEB  F) 


1^-  . 


ECONOMIC  IMPORT  ION 

BASIC  INBURDQO  OPERATOR  UAGERATE  <*/HR) 

BURDENING  ON  BASIC  URGE  RATE,  A  MULTIPLIER 
COST  OF  CONVENTIONAL  FUEL  (I/TON) 

COST  OF  ELECTRICITY  (l/KUH) 

DISPOSAL  COST  FOR  ASH  (♦/TON) 

STEAM  DEMAND  BY  SHIFT  BY  SEASON  BY  DAY,  AVERAGE  HOURLY  (BTU/HR) 


SUMCR  SHIFT  1  SHIFT  2 

WN-FRI  it*#?**-'? 

•  *■*)>—-> - ■  'j)' - * 

SAT  /V,  /H  <jcp  g^j 

SIN  / y ■  <70*  ertr*  /V  ,r-r*> 

WINTER 

mohfri  3/  7  7  r <?*><-> 

sat  2Jrft2fTe~ 

sun  <3^  am  3lOj 

spring  and  fall 

M0N*fRI  X 2-1  <3  crtX  3-.  7 

sat  Jij  '  &lr2?St!£2Z2 

sin  7A  i/>o  ^*r-°  Z3 <w 

-  — * - y - 

DISPOSAL  COST  FOR  MUNICIPAL  SOLID  WASTE  OR  BASE  WASTE  t*/T0N) 

PROJECTED  FUTURE  DISPOSAL  COST  FOR  MUNICIPAL  SOLID  WASTE  OR  BASE  WASTE 
PROJECTED  LIFE  OF  LOCAL  LANDFILL (S) 

AMUAL  GENERATIW  RATE  OF  BASE  WASTES  (TUN/YR) 

NAME  AND  PKNE  HUBER  OF  CONTACT  PERSON  IN  ttARGE  OF: 

NAVAL  WASTE  DISPOSAL  ACTIVITIES  NAfC  _ 

LOCAL  CtMJNITY  OR  COUNTY  SOLID  WASTE  AUTHORITY  NAIC 
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UNITED  STATES  MARINE  CORPS 

MARINE  CORPS  AIR  STATION 
CHERRY  POINT.  NORTH  CAROLINA  28S33 

11300 

LCU 

19  NOVEMBER  1985 


Systech  Corporation 
Attn:  Mr.  Gary  E.  Smith 
245  North  Valley  Road 
Xenia,  Ohio  45385 

Gentlemen: 

Enclosed  is  the  input  data  questionnaire  required  for 
cost/benefit  modelling  of  RDF  fuels  for  cofiring  with  coal  in 
stoker  furnaces. 

Any  questions  concerning  the  information  provided  may  be 
directed  to  Mr.  John  Parsons,  l-(919)-466-2890. 

Sincerely, 

S, 

STEPHEN  W.  MIKO 

Deputy  Facilities  Maintenance  Officer 
By  direction  of  the 
Commanding  General 

Enel : 

(1)  RDF/Coal  Cofired  Boiler  Model  Input 
Data,  Completed  Questionnaire 

Copy  to: 

Commanding  Officer 

(Attn:  Mr.  Richard  M.  Roberts,  Code  L71) 

Naval  Civil  Engineering  Laboratory 
Port  Hueneme,  CA  93043 
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NAVAL  BASE 
BU)  I 
BOILER  t 

PRIMARY  CONTACT  PERSON 

TITLE 

PHOft  * 


NC 


Building  #152 


No.  1  and  No.  2 


John  M.  Pa rs  on _ 

Boiler  Plant  Operator,  foreman 
l-(919)-466-2890 _ 


DESIGN  FUEL  INFORMATION 


DESIGN  TOTAL  FUEL  VALUE  TO  BOILER  AT  NCR  (MAXIMUM  CONTINUOUS  RATING)  (BTU/HR) 
DESIGN  FUEL  TYPE 

HIG)CR  ICATING  VALUE  OF  DESIGN  FUEL  (BTU/LB) 

FRACTIONAL  ASH  CONTENT  OF  DESIGN  FUEL,  AS-RECIEVED 
FRACTIONAL  MOISTURE  CONTENT  OF  DESIGN  FUEL 
HYDR06EN  HASS  FRACTION  OF  AS-RECIEVED  DESIGN  FUEL 
SPECIFIC  HEAT  OF  DESIGN  FUEL 

DESIGN  CARBON  LOSSES  AS  PERCENT  OF  MAXIMUM  FUEL  VALUE  TO  BOILER  AT  NCR 
DESIGN  RADIATION  LOSSES  AS  PERCENT  OF  MAXIMUM  FUEL  VALUE  TO  BOILER  AT  NCR 

DESIGN  'E«rPLRSTJRE  O'  DESIGN  FUE.  PT  BOILER  BOUNDARY  < DEG  c) 

DESIGN  EXCESS  AIR  REQUIRED  FOR  DESIGN  FLEL  AT  NCR  (X) 


11Q,000,000/Blr 

Coal  _ 

14,724 _ 

10%,  maximum 
10%,  maximum _ 

5^9 _ 

13,000  BTU/min 
79.46%___ 

0.  53% 

80°  _ 

15% 


->vv\*V 


*  4 


PAX  2 


CURRENT  FUEL  1XF0RMATI0N 


CURRENT  FUEL  TYPE 


91,000,000 


14,724 


4.50% 


13,000/min 


CURRENT  FUEL  VALUE  TO  BOILER  AT  NCR  (BTU/HR) 


(FOR  THE  FOLLOWING,  SUPPLY  FUa  ANALYSIS  REPORT  IF  AVAILABLE) 


HIGHER  HEATING  VALUE  OF  CURRENT  FUEL  (BTU/LB) 


FRACTIONAL  ASH  CONTENT  OF  CURRENT  FUEL,  AS-RECIEVED 


FRACTIONAL  MOISTURE  CONTENT  OF  CURRENT  FUEL 


HYDROGEN  MASS  FRACTION  OF  AS-RECD  CURRENT  FUEL 


SULFUR  MASS  FRACTION  OF  AS-RECD  CURRENT  FUEL 


SPECIFIC  HEAT  OF  CURRENT  FUEL 


CURRENT  CARBON  LOSSES  AS  PERCENT  OF  MAXIMUM  FUEL  VALUE  TO  BOILER  AT  MCR 
CURRENT  RADIATION  LOSSES  AS  PERCENT  OF  MAXIMUM  FUEL  VALUE  TO  BOILER  AT  MCR 
TEMPERATURE  OF  CURRENT  FUEL  AT  BOILER  BOUNDARY  (  DEG  F) 


EXCESS  AIR  REQUIRED  FOR  CURRENT  FUEL  AT  MCR  (%) 


MAXIMUM  BOILER  TURNDOWN  ACHIEVABLE  WITH  CURRENT  FUEL  (<) 


EXCESS  AIR  REQUIRED  FOR  CURRENT  FUEL  AT  NEAR  MAX  INI*  TURNDOWN  <%) 


BOILER  AND  EQUIPMENT  INFORMATION 

FOR  TX  FOLLOWING,  GIVE  THE  MANUFACTURER,  EQUIPMENT  DESCRIPTION  AND  RATED  CAPACITIES  OR  THROUGHPUTS 


FUEl  FEED  SYSTEM 


6 RATE  SYSTEM 


ASH  HANDLING  SYSTEM 


__Ro to  grate  Stoker _ 

—  Detroit  Stoker  Company _ 

Allen  Sherman  Hoff 


MULTICLONES  OR  CYCLONES  Multiclone 


SCRUBBERS 


BAGHOUSE 


IS  Tf€  BOILER  EQUIPPED  WITH 


AN  ID  FAN 

SOOTBLOWERS  FOR  T>£  CONVECTIVE 
AN  ECONOHIIER 

SOOTBLOWERS  for  the  economizer 
WHAT  TYPE  OF  ECONOMIZER  TUBES? 


YES _ 

YES _ 

YES _ _ 

YE_S _ 

Honz-SA-178-A-fin 


OPERATIONS  INFORMATION 


AVAILABILITY  OF  EXISTING  BOILER  FIRED  WITH  CURRENT  FUEL  tt) 
DOES  ADEQUATE  BACKUP  CAPABILITY  EXIST 
DOES  BOILER  HAVE  A  HISTURY  OF  SLA66IN6 


As  needed  (95±%). 


YES 


NO 


1.21bs/min  ion  BTU 
540*’ F 


36,000 


FOR  THE  FOLLOWING,  SUPPLY  TEST  REPORTS  ON  PARTICULATE  EMISSIONS  COMPLIANCE  OR  BOILER  EFFICIENCY  TESTS  IF  AVAILABLE 

applicable  particulate  emissions  standard  State  of  North  Carolina _ 

ACTUAL  PARTICULATE  EMISSIONS 
STACK  TEMPERATURE  (DEG  F> 

STACK  VOLUMETRIC  FLOW  RATE  (ACFN) 

AIR  TEMP  AT  FD  OR  AIR-TEAMING  INLET  (DEG  F) 

PREHEAT  COMBUSTION  AIR  TEMP  (DEG  F) 

FUEL  TEMP  AT  BOILER  BOUNDRY  (DEG  F) 

BOTTOM  ASH  TEMP  AT  BOILER  BOUNDARY  (DEG  F) 

FLY  ASH  TEMP  AT  BOILER  BOUNDARY  (DEG  F) 


70-F 

NONE 

70°F 


150°F 


120°F 


ECONOMIC  INFORMATION 


BASIC  UNBURDENED  OPERATOR  UAGE RATE  (I/HR) 
BURDENING  ON  BASIC  HAGE  RATE,  A  MULTIPLIER 
COST  OF  CONVENTIONAL  FUEL  (I/TON) 

COST  OF  ELECTRICITY  (l/KNH) 

DISPOSAL  COST  FOR  ASH  (I/TON) 


STEAM  DEMAND  BY  SHIR  BY  SEASON  BY  DAY, 

SUNRER  SHIR  1 

MON-FRI  46000 

AVERAGE  HOURLY  (BTU/HR) 

SHIR  2 

44000 

SAT 

45000 

43000 

StA 

45000 

43000 

WINTER 

MW-FRI 

225000 

198000 

SAT 

207000 

191000 

SUN 

207000 

191000 

SPRING  AND  FALL 

NON-fRI 

75000 

72000 

SAT 

73000 

70000 

SUN 

73000 

70000 

DISPOSAL  COST  FOR  MUNICIPAL  SOLID  HASTE  OR  BASE  HASTE  (l/TON) 


Average  $13. 50/hr _ 

30% _ 

$54. 74/ton _ 

$53. 50/MWH _ 

MCAS  Landfill  on  Station 


SHIFT  3 
44000 
43000 
43000 


198000 

191000 

191000 


22m _ 

70000 _ 

70000 _ 

$3.40  plus  $6. 00/T  Transport _ 

Increase  5%/year _ 

5+  years _ 

10,000T/year _ 

NAME  E.  E.  Smith _ PHONE  •  919-466-4139 

G.  B.  Sawyer  phone  •  919-637-3338 
Tisst.  County  Mgr. 

Craven  County,  NC 


PROJECTED  FUTURE  DISPOSAL  COST  FOR  MUNICIPAL  SOLID  HASTE  OR  BASE  HASTE 
PROJECTED  LIFE  OF  LOCAL  LANDFJLL(S) 

AMUAL  SENE  RATION  RATE  OF  BASE  HASTES  (TON/YR) 

NA*  AND  PHOfC  NUMBER  OF  CONTACT  PERSON  IN  CHARGE  OF 
NAVAL  HASTE  DISPOSAL  ACTIVITIES 


LOCAL  COMMUNITY  OR  COUNTY  SOLID  HASTE  AUTHORITY  NAME 
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APPENDIX  C 

MODIFICATIONS  TO  THE  NCEL  RDF  COST  MODEL 


Modifications 

As  discussed  in  Section  3.2,  twelve  modifications  were  necessary  to 
correct  transcription  and  logic  errors  in  the  RDF  Cost  Model.  Two  additional 
modifications  were  implemented  to  facilitate  data  entry.  The  first  was  a 
reorganization  of  the  input  data  sheet  (RDFMDLIN).  The  original  format  did 
not  follow  a  logical  sequence.  It  had  requests  for  information  on  the  same 
topic  scattered  throughout  the  sheet.  The  inputs  are  now  grouped  into  the 
following  categories:  current  boiler  operating  conditions,  conventional  fuel 
characteristics,  RDF  characteristics,  economic  factors,  true/false  questions, 
and  original  boiler  design  information.  The  second  change  was  to  clarify  the 
wording  of  two  of  the  true/false  questions.  Line  73  "The  boiler  has  no 
history  of  slagging"  was  changed  to  "The  boiler  has  a  history  of  slagging," 
and  Line  86  "The  boiler  has  no  ID  fan"  was  changed  to  "The  boiler  has  an  ID 
fan."  This  re-wording  eliminates  the  potential  confusion  caused  by  the  use 
of  a  negative  statement.  The  original  algorithm  and  the  modified  final 
version  are  summarized  in  Table  C-l  and  discussed  below. 

Modification  1.  Three  errors  that  were  identified  were  transcription 
errors  in  which  the  algorithms  in  the  final  model  differed  from  the 
algorithms  proposed  by  WETCO. 

1(a).  To  accommodate  additional  ash  which  may  be  generated  during  co- 

firing  the  model  estimates  the  cost  of  upgrading  the  existing  ash 
handling  system  or  develops  a  cost  for  a  new  system  if  one  does 
not  currently  exist.  The  logic  for  assigning  the  cost  of  a  new 
system  was  reversed.  The  model  assigned  a  cost  multiplier  of 
10  if  an  ash  handling  system  was  in  place  and  a  multiplier  of 
1  if  there  was  not  an  ash  handling  system.  These  multipliers  are 
applied  correctly  in  the  final  version. 

1(b).  The  model  contains  an  algorithm  which  computes  the  total  hours 
when  co-firing  is  possible.  Two  of  the  intermediate  sums  were 
added  twice,  thus  incorrectly  stating  the  grand  total.  This  was 
corrected  by  eliminating  the  duplicate  values. 

1(c).  A  portion  of  the  algorithm  for  derating  the  boiler  during  co¬ 
firing  was  inverted,  resulting  in  a  negative  value.  This  was 
corrected  by  putting  the  factors  in  the  proper  order. 

Modification  2.  The  original  algorithm  for  determining  air  pollution 
control  (APC)  device  efficiency  assumed  that  various  APC  devices  are 
mutually  exclusive.  In  actual  practice,  APC  devices  are  not  mutually 
exclusive;  they  are  commonly  used  In  conjunction  with  one  another  to  achieve 
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TABLE  C-l.  RDF  COST  MOO 


»»ai**Si»«**ai««*ss»ar«*e******xo*»»*ai****is*»* --  —  *  =  *:*»■*  r--ss»n:ast*»aiaixes=:sas:«:*ssxs 

Modification  Sheet  Row  Column 


Number 

n 

* 

Description 

1 

WORK  1 

84 

2 

( (rlcl-rl lcl/rlcl ) -lOO 

WORK1 

89 

3 

( 520»SUM ( r62 : 64c3 , r 71 : 73c3 , r80 : 82c3 ) ) ♦ 

( 104* SUM  <  rb5 : 70c 3 , r74 : 79c  3 , r83 : 88c3 ) ) 

WORK2 

46 

5 

( if <r59cl  =  l , 1 , 3  O) ) » ( r 96c4 / 100000000* 
r21ci/0. 2-r26c5/r9c5/2000)  ''0.261*32461 

2 

WORK2 

21 

5 

<l-< ( if (r53cl=l ,0.01 , 1 ) ) • ( if (r54cl=l ,0.015, 

1 ,  )  )  *  (  i  f  (  r55cl  =  1,0.05,1))* 

( if  ( r56cl =1,0. 15,1)))) 

3 

WORK  1 

57 

3 

if (r67cl=I,0.25 .0.6) -rlcl/rllcl 

4 

WORK1 

80 

2 

if  (r67cl  =l ,  r!5crl , ( r 1 5cl *r23cl +0 . 5»r24cl 
-r  1 3cl  -0 . 5*r  14cl  ♦  ( r25cl  /  0 . 75)  ~0 . 67*0 . 05)  ) 

5 

W0RK2 

42 

5 

if (r67cl=i ,0. 25, 1 ) »  < ( 5/r26cl *r96c4*r9c5/ 
r lc5»r 36cl *24/40 ) ~0 . 39*672000 

RDFMDLIN 

52 

6 

Input  1  day  storage 

6 

WORK2 

45 

5 

(if (r66cl=l, 1,0.3) )«( (r21cl/0.2 
* r96c4 / 1 OOOOOOOO )  '0.368*259691 ) 

7 

W0RK2 

46 

5 

if  (and  ( r59cl  -■  1 ,  r26c5<  *  ( 1 . 25*r96cl  )  )  , 

0,10) « (r96c4/100000000*r21cl/0.2«r26c5 
/r9c5/2000)  ''0.261*32461 

RDFMDLIN 

37 

6 

Input  ash  handling  capacity  in  TPH 

8 

WORK  2 

43 

5 

if (r37cl< =0.0189,0, (5/r26cl*r21cl/ 

0. 1* (r96c4/ 150000000) ) ~0.274 
«r37cl /O . 25* 1 1 25000 

WORK2 

44 

5 

(if(and(r37cl<=0.0189,r37cl=0),0, (5/r26cl * 
r21cl /O . 2* ( r96c4/l OOOOOOOO ) ) ~0 . 508*64923) 

RDFMDLIN 

53 

6 

Input  0  length 

9 

W0RK2 

13 

5 

(r97cl/ (1  r21c5) ) / (r26c5/ ( r2c5/1000000) ) 

RDFMDLIN 

35 

6 

Input  current  particulate  amissions, lb/mmBtu 

10 

RDFMDLIN 

57 

6 

Input  discount  factor 

WORK2 

51 

5 

R39cl 

W0RK2 

52 

5 

blank 

WORK2 

54 

5 

blank 

WORK2 

56 

5 

( (r98c5-r57c5) «r39cl ) / <r50c5/ ( r35c5/1000000) 

11 

WORK2 

99 

5 

( r45cl )«(r43cl/2) 

W0RK2 

100 

5 

(r98c5-rl02c5) *r 39cl / ( r50c5/ (r35c5/1000000) ) 

W0RK2 

101 

5 

r53c5-r99c5 

W0RK2 

102 

5 

rlOlcS* lOOOOOO/r 35c5 

OUT  4 

68 

3 

r99cl2 

0UT4 

69 

3 

r lOOcl 2 

RDFMDLIN 

63 

6 

Input  MSW  tipping  fee,  0/ton 

RDFMDLIN 

64 

6 

Input  MSW  trsneportotion  coat.  S/ton 

12 

RDFMDLIN 

34 

6 

Input  boiler  «)ut  temperature,  deg  F 

True/f alee 

W0RK2 

33 

5 

( (If (r51cl=l ,0. 46,0.036) ) * . . . (unchanged) 

WORK2 

80 

5 

( if ( r64cl *  1 , 1 , 0>  >  * . . . (unchanged) 
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a  cumulative  particulate  removal  efficiency.  For  example,  it  is  not  uncommon 
to  have  multiclones  followed  by  an  ESP  (Cherry  Point)  or  to  have  a  scrubber 
and  a  baghouse  (Puget  Sound).  The  erroneous  algorithm  added  the  individual 
efficiencies  when  two  devices  were  present,  yielding  an  efficiency  of  greater 
than  100  percent.  The  algorithm  was  modified  to  reflect  the  cumulative 
efficiency  of  multiple  APC  devices. 

Modification  3.  The  original  algorithm  for  determining  co-fire  boiler 
flows  at  maximum  turndown  was  biased  towards  RDF-3  utilization.  When  co¬ 
firing  RDF-3,  it  is  not  generally  possible  to  maintain  stable  combustion  at 
boiler  loads  of  less  than  60  percent  of  the  design  MCR.  However,  field  test 
co-fire  evaluations  at  Hagerstown,  Maryland;  Erie,  Pennsylvania;  and  Wright- 
Patterson  Air  Force.  Base,  Ohio  (References  6,  7,  and  8),  respectively,  have 
demonstrated  the  ability  to  successfully  co-fire  RDF-5/Coal  as  low  as 
25  percent  of  design  ratings.  The  algorithm  assumed  maximum  turndown  to  be 
60  percent  of  MCR  irrespective  of  the  type  of  RDF  specified  in  the  input  data. 
Since  60  percent  is  appropriate  for  RDF-3,  the  algorithm  was  modified  to  use 
either  60  percent  or  25  percent,  depending  on  the  type  of  RDF  utilized. 

Modification  4.  The  algorithm  for  estimating  excess  air  requirements 
did  not  appropriately  address  excess  air  requirements  for  co-firing  RDF-5. 

The  algorithm  estimated  excess  air  based  on  RDF-3  burned  in  suspension  but 
not  on  RDF-5,  which  has  essentially  the  same  excess  air  requirements  as  coal 
(References  6,  7,  and  8).  To  account  for  RDF-5  utilization,  a  logic  gate  was 
added  which  uses  the  existing  algorithm  when  RDF-3  co-firing  is  specified 
or  uses  the  excess  air  value  which  was  input  for  coal  when  RDF-5  co-firing  is 
specified. 

Modification  5.  RDF  storage  was  based  on  the  use  of  an  Atlas  storage 
silo.  This  is  not  appropriate  for  RDF-5  and  may  not  even  be  the  most 
appropriate  for  RDF-3  (Reference  11).  RDF-5  is  physically  similar  to  coal 
and,  therefore,  can  be  stored  in  existing  coal  bunkers,  silos,  etc.,  with  only 
minor  modifications  (Reference  8).  The  modified  algorithm  currently  uses 
the  initial  Atlas  storage  cost  calculation  for  RDF-3  but  uses  25  percent  of 
that  storage  cost  for  RDF-5.  This  results  in  an  adequate  amount  of  capital 
for  one  of  several  storage  options  appropriate  for  RDF-5.  Furthermore,  RDF 
storage  should  be  limited  to  only  a  one  day  supply  on  hand  at  any  given  time 
since  coal  would  still  be  available  as  the  primary  fuel. 

Modification  6.  The  proposed  system  for  delivering  RDF  from  storage  to 
the  boiler  is  a  pneumatic  system.  Although  applicable  to  RDF-3,  it  is  not 
appropriate  for  RDF-5.  Unlike  RDF-3,  RDF-5  can  be  transferred  from  storage 
to  the  boiler  on  the  same  conveyors  used  for  coal,  with  only  minimal 
modifications  required  (Reference  7  and  8).  The  original  algorithm  priced 
out  an  entirely  new  delivery  system  for  either  RDF-3  or  RDF-5.  The  portion 
of  the  algorithm  which  priced  the  RDF-3  pneumatic  delivery  system  was  left 
intact,  but  it  was  appended  with  a  subordinate  algorithm  which  applies  one- 
third  the  cost  calculated  for  the  pneumatic  system  when  RDF-5  is  specified. 


Modification  7.  As  addressed  in  Modification  1(a),  the  model  did 
account  for  the  potential  need  to  upgrade  the  existing  ash  handling  system  to 
accommodate  the  additional  ash  associated  with  RDF  co-firing.  However,  that 
algorithm  assumed  that  an  upgrade  would  always  be  necessary.  There  was  no 
check  to  compare  the  co-fire  ash  generation  rate  to  the  capacity  of  the 
current  ash  handling  system,  th<  reby  verifying  the  need  for  upgrading.  This 
problem  was  addressed  by  adding  an  additional  model  input  to  identify  the 
design  capacity  of  the  ash  handling  system  and  a  logic  gate  to  compare  the  co¬ 
fire  ash  generation  rate  against  the  system  capacity.  If  the  co-fire  ash 
generation  is  more  than  125  percent  of  design  ash  capacity,  the  cost  to 
upgrade  the  ash  system  is  calculated  as  before;  otherwise,  no  additional  cost 
is  assigned  for  ash  handling  system  modifications. 

Modification  8.  The  model  contained  an  algorithm  which  estimated 
capital  costs  for  long  or  short  conveyors.  This  was  used  to  establish  an  RDF 
delivery  cost  and  was  based  on  the  assumption  that  the  RDF  production  plant 
is  on  base,  near  the  boiler.  In  this  situation,  it  would  be  more  appropriate 
to  assign  the  cost  of  the  delivery  conveyors  to  the  RDF  producer,  incorporate 
any  additional  cost  into  the  delivered  RDF  price,  and  avoid  addressing  RDF 
delivery  cost  as  a  separate  item.  In  many  instances,  the  production  facility 
may  not  be  near  the  base  and  transportation  would  be  via  truck.  Thus,  the 
algorithm  was  modified  to  yield  a  zero  cost  for  RDF  delivery  via  conveyors 
and  to  assume  the  input  RDF  price  includes  delivery  costs. 

Modification  9.  The  original  model  estimated  a  theoretical  flyash 
fraction  as  a  function  of  furnace  velocity  only.  Although  that  approach  is 
not  incorrect,  flyash  fraction  can  be  more  accurately  estimated  by  back- 
calculating  it  based  on  the  following:  (current  particulate  emissions)/(  1- 
APC  efficiencies)  =  total  ash  lofted  as  flyash.  This  assumes  that  the  flyash 
fraction  is  constant  and  that  APC  efficiencies  are  constant.  A  model  input 
for  the  current  emissions  rate  was  also  added. 

Modification  10.  The  original  SIR  algorithm  did  not  follow  Military 
Specification,  NAVFAC  P-442  (Reference  5).  The  SIR  algorithm  used  an 
annualized  capital  cost  based  on  annual  interest  rate  and  represented  only  the 
first  year  costs.  It  did  not  yield  the  return  on  investment  (ROI)  over  the 
life  of  the  project,  which  in  this  case  is  25  years.  To  correct  this,  the  SIR 
was  changed  to  a  Type  I  SIR  analysis.  A  Type  I  analysis  is  utilized  when  "a 
given  requirement  is  already  being  met  at  the  present  time,  but  a  better 
solution  is  perceived.  In  the  context  of  economic  analysis,  'better' 
specifically  refers  to  a  proposed  alternative  whose  total  NPV  [net  present 
value J  cost  is  lower  than  that  of  the  existing  alternative  (the  status  quo) 
over  the  same  period  (project  life).  In  such  a  case,  the  justification  for 
implementing  the  proposed  alternative  is  primarily  economic...."  (page  28, 
Economic  Analysis  Handbook,  NAVFAC  P-442,  July  1980). 

Modification  11.  To  account  for  the  utilization  of  base-generated  solid 
waste  to  support  an  RDF  production  facility,  an  algorithm  was  added  which 
applies  a  credit  to  the  SIR  algorithm  for  avoided  solid  waste  disposal  cost. 
Therefore,  for  each  analysis,  two  SIRs  are  estimated;  one  Includes  the  credit 
for  avoided  cost,  and  one  does  not.  The  estimate  of  avoided  cost  is  based  on 
the  following  assumptions:  transportation  and  collection  costs  cannot  be 


■■m 
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avoided.  The  solid  waste  still  has  to  be  collected  and  then  transported, 
whether  to  landfill  or  to  the  RDF  production  facility.  Furthermore,  only 
one-half  of  the  disposal  cost  can  be  avoided  because  RDF  production  facilities 
typically  have  a  50  percent  fuel,  50  percent  rejects  ratio.  The  rejects  must 
still  be  landfilled. 

Modification  12.  The  model  originally  used  the  flue  gas  temperature  at 
the  stack  for  the  boiler  efficiency  calculation.  This  can  lead  to  erroneous 
results,  especially  if  a  wet  scrubber  is  used,  which  lowers  the  flue  gas 
temperature  without  reclaiming  the  energy.  The  ASME  Power  Test  Code 
efficiency  test  uses  the  flue  gas  temperature  at  the  boiler,  economizer,  or 
air  preheater  exit.  To  correct  this,  the  model  input  was  changed  to  ask  for 
boiler  exit  temperature  rather  than  stack  temperature.  The  algorithm  was 
correct  in  all  other  respects  and  was,  therefore,  left  unchanged. 

The  following  computer  printouts  are  the  output  data  obtained  as 
each  modification  was  implemented.  The  outputs  show  the  individual 
effects  of  each  modifications  as  well  as  the  final,  cumulative  effects. 
Modifications  1  through  11  are  based  on  Cherry  Point  data.  Modification  12  is 
illustrated  with  Puget  Sound  data,  as  Puget  Sound  was  the  only  facility 
affected  by  this  modification.  The  individual  outputs,  which  were  effected  by 
the  modification,  are  underlined  and  can  be  compared  to  the  original  program 
(Run  1  outputs). 


Sumiry  of  Out  4  data  Original  Program  Hodif ication  #1  Hodificatjon  12  Hodificatiori  #3  Hodification  #4 
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INCLUDES  IN  CAPITAL  COST 


1 

1 

"PORT  HUENEME  ALGORITHM. 
REVISED  AND  SIMPLIFIED  12 
/01/84" 

2 

2 

"MODIFIED  JANUARY  1 

986" 

3 

3 

"Facility:" 

4 

4 

5 

5 

"SUMMER  STEAM  DEMANDS:" 

e 

6 

"AVERAGE  HOURLY 

BTU 

INPUT  IN  THESE 
RICES" 

MAT 

7 

7 

8 

8 

"MON-FRI" 

9 

9 

"SAT” 

10 

10 

"SUN" 

11 

11 

"WINTER  STEAM  DEMANDS:" 

12 

12 

"AVERAGE  HOURLY 

BTU 

STEAM" 

13 

13 

14 

14 

"MON-FRI" 

15 

15 

.•SAT" 

16 

16 

"SUN" 

17 

17 

"SPRING  AND  FALL  STEAM  DE 
HANDS:  " 

18 

18 

"AVERAGE  HOURLY 
•  • 

BTU 

19 

19 

20 

20 

"MON-FRI" 

21 

21 

"SAT" 

22 

22 

"SUN" 

23 

23 

24 

24 

"CURRENT  BOILER  OPERATING 

CONDITIONS" 

25 

25 

"Boiler  availability" 

26 

26 

"Excess  air  required  at  M 
CR" 

27 

27 

“Total  heat  release  at  MC 
R" 

28 

28 

"Fuel  temperature  at  boil 
er  boundary" 

29 

29 

"Radiation  losses" 

30 

30 

"Carbon  losses" 

31 

31 

"Axr  temperature  at  FD  or 

airheater  inlet" 

32 

32 

"Preheated  combustion  air 

temperature" 

33 

33 

"Ash  temperature  at  boile 
r  boundary" 

34 

34 

"Gas  temperature  at  boile 
r/economizer  exit" 

35 

35 

"Particulate  emissions  ra 

36  36  "Applicable  particulate  e 

missions  standard" 

37  37  "Ash  handling  system  capa 

city" 

38  38  "CONVENTIONAL  FUEL  CHARAC 

TERISTICS :  AS  RECEIVED" 

39  39  "Moisture" 

40  40  "Ash" 

41  41  "Hydrogen" 

42  42  "Higher  heating  value" 

43  43  "Specific  heat" 

44  44  "RDF  CHARACTERISTICS  :  AS 

RECEIVED" 

45  45  "Moisture" 

46  46  "Ash" 

47  47  "Hydrogen" 

48  48  "Moisture-ash-free  heatin 

g  value" 

49  49  "Bulk  density" 

50  50  "Size  (passes  through  scr 

een  opening)" 

51  51  "Cofire  ratio” 

52  52  "Days  of  storage  desired" 

53  53  "Length  of  mechanical  tra 

nsfer  conveyor" 

54  54  "Fuel  temperature  at  boil 

er  boundary" 

55  55  "ECONOMIC  FACTORS" 

56  56  "Financial  life  of  projec 

t" 

57  57  "Discount  factor" 

58  58  "Cost  of  electricity" 

59  59  "Ash  disposal  cost" 

60  60  "Operator  wage  rate,  unbu 

rdened" 

61  61  "Burdening  rate  (a  multip 

1 ier ) " 

62  62  "Annual  quantity  of  MSW  g 

enerated  on  base" 

63  63  "MSW  disposal  cost:  tippi 

ng  fee" 

64  64  "  trans 

portation" 

65  65  "Conventional  fuel  coat, 

delivered" 

66  66  "RDF  cost,  delivered" 

67  67  "IF  THE  FOLLOWING  STATEME 

NTS  ARE  TRUE,  ENTER  1  :" 

68  68 

69  69  "BOILER  HAS  SOOT  BLOWERS 

FOR  THE  CONVECTIVE" 


"(based  on  heating 
value)" 


70  70 


2 

"BOILER  HAS  SOOT  BLOWERS 
FOR  THE  ECONOMIZER0 

71  71  “BOILER  HAS  AN  ECONOMIZER 

72  72  “ECONOMIZER  IF  PRESENT  IS 

BARE  TUBE" 

73  73  “Boiler  has  a  history  of 

slagging" 

74  74  "ADEQUATE  BACKUP  CAPABILI 

TY  EXISTS" 

75  75  "BOILER  IS  EQUIPPED  WITH 

A  BAGHOUSE" 

76  76  "BOILER  IS  EQUIPPED  WITH 

AN  ESP" 

77  77  "BOILER  IS  EQUPIIED  WITH 

A  VENTURI  SCRUBBER" 

78  78  "BOILER  HAS  MULTICLONES  0 

R  CYCLONES" 

79  79  "BOILER  WAS  ORIGINALLY  DE 

SIGNED  FOR  COAL" 

80  80  "BOILER  HAS  MOVING  OR  DUM 

PING  GRATE" 

81  81  "BOILER  HAS  AN  ASH  HANDLI 

NG  SYSTEM" 

82  82  “THE  CF  ASSUMED  COFIRED  I 

S  OIL" 

83  83  "THE  CF  ASSUMED  COFIRED  I 

S  COAL" 

84  84  "THE  CF  ASSUMED  COFIRED  I 

S  GAS" 

85  85  "THE  FURNACE  IS  PC  OR  CYC 

LONE  TYPE" 

86  86  "The  boiler  has  an  ID  fan 

•  * 

87  87  "ALTERNATIVE  SOLID  FUEL  I 

S  NOT  RDF  BUT  COAL" 

88  88  "ALTERNATIVE  SOLID  FUEL  I 

S  RDF-3" 

89  89  "ALTERNATIVE  SOLID  FUEL  I 

S  RDF-5  <d-RDF) " 

90  90 

91  91 

92  92 

93  93  "ADDITIONAL  INPUT  REGARDI 

NG  ORIGINAL  BOILER  DESIGN 

FOLLOWS:" 

94  94 

95  95  "FRACTIONAL  MOISTURE  OF  A 

S  RCVD  DESIGN  CF" 

96  96  "FRACTIONAL  ASH  CONTENT  0 

F  AS  RCVD  DCF" 

"FRACTIONAL  EXCESS  AIR  RE 
QD  FOR  DCF  AT  MCR" 


97  97 


98  98 


"TOTAL  FUEL  VALUE  TO  BOIL 
ER  AT  MCR" 

99  99  "  NAMEPLATE  WITH  DCF" 

100  100  "HIGHER  HEATING  VALUE  OF 

DCF” 

101  101  "FRACTION  OF  HHVCFD  LOST 

DUE  TO  CARBON  LOSS" 

102  102  "DESIGN  FUEL  SPECIFIC  HEA 

»p  •• 

103  103  "TEMPERATURE  OF  DCF  AT  BO 

ILER  BOUNDARY" 

104  104  "HYDROGEN  MASS  FRACTION  0 

F  AS-RCVD  CFD" 

105  105  "RADIATION  LOSSES  AS  A  FR 

ACTION  OF  DTOTHHVCF" 

106  106 

107  107 

108  108 

109  109 

110  110 
111  111 
112  112 

113  113 

114  114  "IF  THE  ALTERNATIVE  SOLID 

FUEL  BEING  FIRED  IS  WOOD 
(HOG  FUEL  OR" 

115  115  "WHOLE  TREE  CHIPS)  THE  RD 

F  EXPRESSIONS  ARE  REASONA 
BLE.  SIMPLY" 

116  116  "SUBSTITUTE  THE  WOOD  MOIS 

TURE,  ASH,  PARTICLE  SIZE, 
AND  BULK- 

117  117  "DENSITY  INTO  THE  RDF  VAR 

IABLES.  HOWEVER,  IF  THE  A 
SF  BEING  FIRED" 

118  118  "IS  COAL,  SUBSTITUTE  THE 

COAL  HHV  FOR  RDF  HHV  <HHV 
RDF),  AND  " 

119  119  "ALSO  ENTER  OTHER  SOLIDS 

CHARACTERISTICS  APPROPRIA 
TELY." 


.«  j^LkWlkxA  ^  a  ^  «  v  gVh .  mS 


4 


4  "INPUTS (LINES  3  TO 
105) : " 

5 

6 


"SHIFT  1* 
50000000 
40000000 
40000000 


"SHIFT  1“ 
150000000 
1 30000000 
130000000 


"SHIFT  2* 
45000000 
40000000 
40000000 


"SHIFT  2" 
140000000 
130000000 
130000000 


"SHIFT  1" 
100000000 
85000000 
85000000 


"SHIFT  2" 
92500000 
85000000 
85000000 


"INPUT  IN  THIS  COLU 
MN” 

0.98 

0.3 

172840000 


0.0041 

0.0405 

70 


0.02 


i  i’  o  f  .  ’  > . -  -  - 


.  .  /,  *.  *  . 


ii 

p 

y 

[: 

7 

8  9 

£ 

R99C6 

£ 

» , 

R100C6 

■.> 

3 

R95C6 

t 

R96C6 

1  ' 

R97C6 

? 

R101C6 

| 

"SHIFT  3” 

R102C6 

45000000 

R103C6 

P  9 

40000000 

R104C6 

r'  10 

40000000 

R105C6 

K  ii 

R27C6 

F* 

r.;  12 

♦R42C6 

■E  13 

"SHIFT  3" 

♦R39C6 

v  14 

135000000 

♦R40C6 

is 

130000000 

+R26C6 

i6 

130000000 

♦R30C6 

17 

r. 

♦R43C6 

i 

♦R28C6 

S  19 

"SHIFT  3" 

+R41C6 

20 

90000000 

♦R29C6 

£«  2i 

85000000 

♦R51C6 

V  22 

85000000 

♦R47C6 

■  23 

♦R45C6 

♦R46C6 

^  25 

"Fraction" 

♦R50C6 

k*  26 

K,* 

"Fraction" 

♦R49C6 

—a 

ft 

"Btu/hr” 

+R66C6 

^  26 

"Deg  F" 

♦R54C6 

>  29 

"Fraction" 

♦R34C6 

30 

"Fraction" 

♦R31C6 

»  31 

rl* 

"Deg  F" 

+R32C6 

v  32 

"Deg  F" 

+R33C6 

y 

>y  33 

k-' 

"Deg  F" 

♦R58C6 

rj* 

■f  34 

"Deg  F" 

♦R65C6/200O 

Ri  35 

" lb/mmBtu" 

♦R59C6 

36 

"lb/mmBtu" 

+R52C6 

37 

"TPH" 

♦R53C6 

38 

♦R56C6 

39 

"Fraction" 

+R57C6 

40 

"Fraction" 

♦R60C6 

41 

"Fraction" 

+R25C6 

42 

"Btu/lb" 

♦R36C6 

43 

"Btu/lb/deg  F" 

R62C6 

44 

+R61C6 

45 

"Fraction" 

♦R63C6 

46 

"Fraction" 

♦R48C6 

47 

"Fraction" 

R69C6 

48 

"Btu/lb" 

R70C6 

49 

"lb/cf " 

R71C6 

50 

"Inches" 

R72C6 

51 

"Fraction" 

R73C6 

52 

"days" 

R74C6 

53 

"Miles" 

R75C6 

54 

"Deg  F" 

R76C6 

55 

R77C6 

56 

"Years" 

R78C6 

57 

R79C6 

58 

"S/kWh" 

R80C6 

59 

"3/ton" 

R81C6 

60 

"S/hr" 

R82C6 

61 

R83C6 

62 

"Tons/yr” 

R84C6 

63 

"S/ton" 

R85C6 

64 

"S/ton" 

R86C6 

65 

"S/ton" 

0.039*2000 

R87C6 

66 

"S/ton" 

R88C6 

67 

R89C6 

66 


R90C6 


R10C5 

R10C6 

R10C7 

R14C5 

R14C6 

R14C7 

R15C5 

R15C6 

R15C7 

R16C5 

R16CS 

R16C7 

R20C5 

R20C6 

R20C7 

R21C5 

R21C6 

R21C7 

R22C5 


Fraction" 

Fraction” 


R22C6 

R22C7 

R37C6*2000 


Fraction" 


♦R35C6 


98 


♦R64C6 


99  "BTUH" 

100  "BTU/LB" 

101  "Fraction” 

102  "BTU/LB/DEG  F" 

103  "DEG  F” 

104  "Fraction" 

105  "Fraction" 

106 
107 
10S 

109 

110 
111 
112 

113 

114 


115 


116 


117 


118 


119 


D-15 


V  >  'y  *  •' 


10 

1  "DTOTHHVCF" 


2  "HHVCFD" 

3  "MCFD" 

4  "ACFD" 

5  "EACFD" 

6  “XCLOSD” 


7  "CPCFD" 

8  "TCFD" 

9  "XHCFD" 

10  "LOSRADD" 

11  "TOTHHVCF" 

12  “HHVCF" 

13  "MCF" 

14  "  ACF" 

15  “EACF” 

16  "XCLOS" 

17  “CPCF" 

18  “TCF" 

19  "XHCF” 

20  "LOSRAD" 

21  "X" 

22  ’•XHRDF" 

23  "MRDF" 

24  "ARDF" 

25  "DP" 

26  "RHDRDF" 

27  “RDFCST" 

28  “TRDF" 

29  "TSTK" 

30  "TAIR" 

31  "TCAPH" 

32  "TASH" 

33  "ELCOST" 

34  "CFCOST" 

35  "DISPCOST" 


D-16 


p 


1 

Crdfmdl in 

xferdatal 

R24C2*  < 1 -R3C 1 -R4C 1 ) 

R53C2*R£6C3 

2 

Crdfrnd  1  in 

xferdata] 

R24C2*R4C1 

R54C£*R26C3 

3 

Crdfmd 1  in 

x  f erdat  a] 

R24C2*R3C 1 

R55C2*R26C3 

4 

Crdf md 1 in 

xferdata] 

R26C2 

R56C2*R£6C3 

5 

Crdfmd 1  in 

x  f erdat  a] 

SUM (R1 : 4C2) 

R57C2*R26C3 

6 

Crdfmd 1  in 

xferdata] 

R1C2*R7C1* ( R8C1-32) 

SUM ( R1 : 5C3) 

7 

C  rd  f  rnd  1  in 

x  f erdat  a] 

R1C1 

R59C2*R26C3 

a 

Crdf  rnd  1  i  n 

xferdata] 

R24C£*R3C1* (R8C1-32 
) 

R4C2*0. 24#  <  R30C 1-32 
) 

SUM ( R6 : 9C2) 

R60C2*  R26C3 

9 

Crdfrnd  1  in 

xferdata] 

R6 1C£*R26C3 

10 

C  rd  f  rnd  1  in 

xferdata] 

R62C2*R26C3 

i  i 

Crdfrnd  1  in 

xferdata] 

R2C2 

R63C2*R26C3 

12 

Crdfrndl  in 

xferdata] 

R5C2-R1 1C2-R13C2-R1 
4C2 

R64C2*R26C3 

13 

Crdfrndl  in 

xferdata] 

R24C2*  <  R3C1  +  <  R9C1 *9 
)  ) 

IF ( R6C1 =0, R103C1*R1 

SUM ( R7 : 12C3) 

14 

Crdfrndl  in 

xferdata] 

R66C£*R26C3 

15  Crdfrndlin  xferdata] 

16  Crdfrndlin  xferdata] 

17  Crdfrndlin  xferdata! 


C 1 / 1 4500, R6C1 *R1C1 / 
14500) 

SUM  <R1 1 : 1 4C2) 

R 1 1 C2*0. 2*  <  R32C 1 -32 
) 

R12C£*0. £5* (R29C1-3 
2) 


R6C3-R 1 4C3-R1 6C3-R 1 
7C3 

R68C£*R£6C3 

< ( 1-R21C1 ) *R  1 1 Cl *R 
5C3*R28C3/ R 1 13C2+R 
1C1*R1 1C1*R£5C3*R2 
C3/R1 13C2) / 14500 


18 

Crdfrndl  in 

xferdata] 

R13C2*  < 1 128+ (0. 455* 
(R29C1-160) ) ) 

SUM  <  R1 4 : 1 7C3 ) 

19 

Crd  f  rnd  1  i  n 

x  ferdata] 

R14C2* 14500 

R7 1 C2*R26C3 

20 

Crdfrnd  1  in 

x  ferdata] 

(R10C1+0.  016) *R1C1 

R 1 5C3*0. 25* ( R29C 1 -3 
2) 

R73C£*R26C3 

21 

Crdfmd 1  in 

xferdata] 

SUM  <  R1 6 : 20C2 ) 

22 

Crdfrnd  1  i  n 

xferdata] 

R10C2-R21C2 

R17C3* 14500 

23 

Crdfrnd  1  in 

x  ferdata] 

R22C2/R7C2 

R75C2*R26C3 

24 

Crdfrnd  1  in 

xferdata] 

R1C1 /R2C1 

SUM ( R1 9 : £3C3  > 

25 

C  rd  f  rnd  1  in 

xferdata] 

R12C2/1. 2792+R13C2/ 
0.  78 

1 . 1 05*R25C£ 

26 

Crd  f  rnd  1  in 

xferdata] 

0. 00073*R1C1 *  < 1  +  R5C 

1  ) 

R50C2* ( 1-R13C1-R14C 

1  ) 

R25C3/R1 1 3C2 

27 

Crdfrndl  in 

xferdata] 

( ( R1 Cl  —  ( R25C3/ R1 13C 
2) *R 1 1C1 ) 7R1C1 ) *100 

28 

C  rd  f  rnd  1  in 

xferdata] 

R50C2*R14C1 

IF ( AND ( R63C 1 =0, R56C 
1  =0 )  ,  0.  02*  (  1 .  105)  ■■'£• 
,0) 

29 

Crdfrnd  1  in 

xferdata) 

R50C2*R 1 3C 1 

IF ( R27C3) =0,  < ( R25C 1 
/0. 75) "  0. 41*0.  05+ <R 
27C3/20)  ''£.  58*0.  01  ) 
* ( 1. 105)  2, ( (R25C1 / 
0.  75)  O.  41*0.  05)  *  (  1 
.  105)  ■-■£ ) 

30 

Crdfrnd  1  in 

x  ferdata] 

R52C2 

R 1 3C3-R24C3 

v  V  -  .r.  . . 

P  v  '.-  V  /Via-V. 


D-2 1 


tu  OJ  (Ti 


31 

Crdfmdl in 

xferdata! 

SUM  <  R£7 : 30C£  > 

R30C3/ (R8C3+R10C3) 

3£ 

Crdfmd 1  in 

xferdataD 

R£7C£*R 1 7C1 # ( RISC  1 - 
3£> 

R53C£*R57C3 

33 

Crdfmd 1  in 

xferdata] 

R1  1C1 

R54C£*  R57C3 

34 

Crdfmd 1  in 

xferdata] 

R50C£*R 13C1 * ( R18C 1 - 
3£) 

R55C£*R57C3 

35 

Crdfmdl in 

xferdata] 

R30C£*C>.  £4*  <  R30C 1  -3 
£) 

SUM  <R3£:35C£) 

R56C£*R57C3 

36 

Crdfmd 1  in 

xferdata] 

R57C£*R57C3 

37 

Crdfmdl in 

xferdata] 

R£8C£ 

SUM ( R3£ : 36C3 ) 

38 

Crdfmd 1  in 

xferdata] 

R31C£-R37C£-R39C£-R 

40C£ 

R59C£*R57C3 

39 

Crdfmd 1 i n 

xferdata] 

R50C£* ( R 1 3C 1 +  <  R 1 9C 1 
*9)  ) 

R60C£*R57C3 

40 

Crdfmd 1  in 

xferdata] 

IF ( R16C1 =0, R103C1*R 

1 1C1 / 1 4500,  R16C1*R1 
Cl/ 14500) 

R61C£*R57C3 

41 

Crdfmdl in 

xferdata] 

SUM  (  R37 :  4C>C£ ) 

R6£C£*R57C3 

4£ 

Crdfmd 1  in 

xferdata] 

R37C£*0. £* ( R3£C 1 -3£ 

) 

R38C£*0. £5* (R£9C1— 3 
£) 

R39C£* ( 1 1 £8+ ( 0. 455* 

<  R£9C1  —  1 60) ) ) 

R63C£*R57C3 

43 

Crdfmdl in 

xferdata] 

R64C£*R57C3 

44 

Crdfmd 1 i n 

xferdata] 

SUM ( R38 : 43C3  > 

45 

Crdfmdl in 

xferdata] 

R40C£* 14500 

R66C£*R57C3 

46 

Crdfmdl in 

xferdata] 

(R£0C1-K>.  016) *R1 1C1 

R37C3-R45C3-R47C3-R 

48C3 

47 

C  rd  f md 1  i  n 

xferdata] 

SUM  <  R4£ : 46C£ ) 

R68C£*R57C3 

48 

C  rd  f md 1 i n 

xferdata] 

R36C£-R47C£ 

( R57C3* ( 1-R£1C1 ) *R1 
C1*R58C3+R57C3*R£1C 
1*R1 1C1*R59C3) / 1450 

49 

Crdfmdl in 

xferdata] 

R48C£/R33C£ 

u 

SUM ( R45 : 48C3 ) 

50 

Crdfmd 1 i n 

xferdata] 

R1 1C1/R1£C1 

R7 1C£*R57C3 

51 

Crdfmd 1 i n 

xferdata] 

R38C£/ 1 .  £79£+R39C£/ 
0.  78 

R46C3*0. £5* ( R£9C 1-3 
£) 

5£ 

Crdfmd 1  in 

xferdata] 

0. 0007 3*R1 1C1*(1+R1 
5C1 ) 

R73C£*R57C3 

53 

Crdfmd 1 i n 

xferdata] 

R78C£* < 1-R13C1-R14C 

1 ) 

R77C£* < 1  — R£3C 1  — R£4C 

1  > 

R78C£*R 1 4C1 +R77C£*R 
£4C  1 

R48C3* 1 4500 

54 

[rdf md 1 i n 

xferdata] 

R75C£*R57C3 

55 

Crdfmd 1  in 

xferdata] 

SUM  <  R50 : 54C3 ) 

56 

Crdfmd 1  in 

xferdata] 

R7BC£*R1 3C1 +R77C£*R 
£3C1 

R1 13C£*R57C3 

57 

Crdfmd 1  in 

xferdata] 

R1 1C  1  *R£1  Cl  *C>.  00073 

IF ( R67C1  =  1 , 0. £5, 0. 6 

* < 1+RB0C£) +R1 1C1* < 1  )*R1C1/R11C1 
-R£1C1 ) *0.  00073* (1  + 

R15C1 ) 


58  Crdfmdl  ir.  xferdata]  SUM < R53 s 57C£) 


R103C1 


74  Crdfrndlir,  xferdata]  R69C£*14500  <  I F  ( AND  .’18  1 C 1  <  =  R30C 

3, R8 1 C 1 >  =  R60C3 ) , R81 
C 1 , 0 )  + 1 F  <  R8 1 C 1 > R30C 
3, R30C3, 0) ) 

75  C  rdf  nidi  irt  xferdata]  (R20C1+0.  016)  *R1 1C1  ( I F  ( AND  (  R82C 1  <=R30C 

3, R82C1 ) =R60C3> , R82 
Cl,  0)-HF(R8£Cl>  R30C 
3, R3CC3, O) ) 

76  Crdfnidlir,  xferdata!  SUM  (  R7  1  :  75C£)  ( IF  ( AND  (  R83C1  <=R3C>C 

3,  R83C1 > =R60C3) , R83 
Cl,  O) +IF (R83C1>  R30C 
3, R30C3, 0) ) 

77  Crdfnidlir.  xferdata!  R£ 1 Cl *R 1 1C 1 / R79C2  (  IF  (AND  (R84C1  <  =  R30C 

3,  R84C 1 >  =R60C3) , R84 
Cl,  0) +IF (R84C1) R30C 
3, R30C3, O ) ) 

76  Crdfnidlir,  xferdata!  ( 1-R21C1 > *R1 1C1 /Rl£  ( IF (AND ( R85C1 <=R30C 

Cl  3, R85C 1 >  =R60C3) , R85 

Cl, 0>+IF(R85Cl>  R30C 
3, R30C3, O) ) 

79  Crdfnidlir.  xferdata!  R46C1* ( 1-R23C1-R24C  ( I F ( AND ( R86C 1 (=R30C 

1)  3, R86C 1 >  =R60C3) , R86 

Cl,  0  >  + 1 F  ( R86C 1 >  R30C 
3, R30C3, O) > 

80  Crdfrndlir.  xferdata!  IF < R67C1  =  1 , R15C1 ,  ( R  ( IF  (AND  (R87C1  <=R30C 

1 5C 1 +R£3C 1 +0. 5*R24C  3,  R87C1 > =R60C3)  ,  R87 
1-R13C1-0. 5*R14Cl+(  Cl, O) +IF ( R87C1 > R30C 
R£5C  1  /O.  75)  ''O.  67*0.  3,  R30C3,  O)  ) 

05)  ) 

81  Crdfrndlir,  xferdata!  R65C£-R76C£  ( IF  ( AND  (  R88C1  <=R30C 

3, R88C1) =R60C3) , R88 
C 1 ,  O )  +  J.  F  (  R88C 1  >  R30C 
3, R30C3, 0> ) 

82  Crdfrndlir,  xferdata!  R81C2/R11C1  ( IF  (AND  (RB9C1  <=R30C 

3, R89C1 >  =R60C3) ,  R89 
Cl, O) +IF ( R89C1 >  R30C 
3, R30C3, O) ) 

63  Crdfrndlir,  xferdata!  R67C2/ 1 . 2792+R68C2/  ( I F  ( AND  (  R90C 1  <  =  R30C 

O.  78  3,  R90C1 >  —R&0C3 ) , R90 

Cl, O) +IF (R90C1) R30C 
3, R30C3, O ) ) 
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+  ( IF  < R69C3) O,  104, C, 
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IF (AND ( R104C3  <“1 , R2 
7C4  <0) ,  (R25C1/0. 75) 
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I F ( AND ( R 1 04C3) 1,  R27 
C4)=0),  ((R25C1/0.  75 
)^0. 41*0.  05+ ( R27C4/ 
20)^2.58*0.  01>*  (RIO 
4C3)~£,  O) 

IF (AND ( R104C3) 1,  R27 
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£0  R1 5C4*0.  £5* ( R£9C 1 -3 
£) 

£1  R73C£*R£6C4 
28  R 1704*14500 
£3  R75C£*R£6C4 
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MIN  <  R6C5  , R2C5  > 

IF ( AND ( R60C1 = 1 . R57C1 =0) , ( 
R96C4/ 50000000 ) '0.263*162 
307,0) 

IF(AND(R61C1=1,R63C1=1) , ( 
R96C4 /I 50000000 > '0. 263*20 
5850,0) 

IF  <  AND ( R57C1  =  1 »  R60C1  =  1 . R6 
3C1 = 1 ) , <R96C4/ 150000000) ~ 
0.263*205850,0) 

IF ( AND ( R61C1  =  1 , R63C1 =0  > ,  < 
R96C4 /50000000) '0.389*273 
011,0) 

IF  <  AND  <  R57C1  =  1 , R60C1  =  1 , R6 
3C1 =0 ) . ( R96C4/50000000) "O 
.389*273011,0) 


101 


4 
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/R25C2*R96C4/R2C5)  '‘2)  ''0.8 
86*606, 0> 

<  5/R26C1 *R21Cl/0. 2*R96C4 / 
150000000)  ,'0. 39*94800 
IF (R47C1 =0 ,0.01«70»R96C4/ 
1000,0) 

IF ( AND ( R49C1 = 1 , R48C1 =0 ) ,0 
. 01  * 70 *R96C4/ 1000,0) 

IF  <  AND ( R49C1  =  1 , R50C1  =  0 ) ,0 
. 15*70* R96C4/ 1000 , 0) 

IF ( R59C1 =0 , 0 . 08«70*R96C4 / 
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7  IF< (R4SC2-R30C3) /R48C2>=0. <R4 
8C2-R30C3  > /R48C2.0) 

8  R38C4-R40C4 

3  R40C4/ (R79C2*2000) 

10  R38C4/R12C1 

11  R44C4*R47C4 

12  R47C4/R11C5 

13  (R97C1 / ( 1 -R21C5 >  ) / (R26C5/ ( R2C 
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19  R45C4 ♦ R46C4 

20  R25C4  »R26C4 » ( R29C1 ♦ 460 ) / 1969 

21  (l-( CIF<R53C1=1,0.01,1)>»<IF< 

R54C1=1 .0.015. 1 ) ) - ( IF<R55C1=1 
,0.05. 1 >  )  *  < IF<R56C1=1 ,0. 15, 1 ) 

)  )  ) 

22  IF ( R15C5>R42C1 ,1,0) 

23  0.00052*R33C1*R35C4 

24  ( R 1905/1000*1 . 3»R33C1 )*<IF<R8 
5C4  <  =  1 ,  (R85C4) '0.5, (R85C4) '2) 

> 

25  ( 200O-R9C5/7619) ' O . 85* R33C1 /O 
.055*101115/8760 

^6  R17C3*R14C3 

27  R28C5»8320»R40C1*R44C1 

28  «.  <  R48C2/ 200000000)  '0.58)  *  (<  IF 
< R60C1 r 1 , 3* (R21C1/0. 2) '0.33.0 
)  )  *  < IF ( R61C1  =  1 . 4*  <  R21C 1/0.5) ' 

0.22.0) >  ) 

29  R10C5»R34C1 

30  R9C5*  R27C 1 

31  R1 1 05 / 2000 » R35C 1 

32  R31C3»R34C5 

33  <  ( I F  <  R51C1  =  1 .0. 046,0.036) ) *R5 
0C5) *  <  < IF(R51C1  =  1 , 1 .5,1 > ) *  <IF 
( R85C4  > 1 .R22C2/ 1000*70*0 . 015* 

< <  R85C4 ) ~3-l)»Rl 1C5/ (R14C2*R1 
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AND ( R6101 = 1 , R63C1 =0 ) .0.72,0) ) 
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3b  <SUM(R23: 25C5) ) *R32C5 

37  R29C5-R32C5 

38  R30C5*R32C5 

39  R31C5-R32C5 

40  I F  (  R57C4  <  2500 ,1  0 ) 

41  R16C5* ( IF ( R22C5=1 , 1 - ( IF (R17C3 

(R17C3  +  R14C3)  >0.21. 0.985, 0.9 
9)  )  .  1 )  ) 

4  2  IF  <  R67C1  =  1 ,0.25, 1>«  < (5/R26C1* 

R96C4  *  R9C5/R1 C5*  R36C1 »24/40 ) ~ 

0 . 39*672000) 

43  I F  C  R37C1 <  =  0 . 0189 , O ,  ( 5/R26C1 *R 
21C1/0. 1* (R96C4/ 150000000) ) ~0 
, 274 *R37Cl/0. 25*1125000) 

44  IF (AND CR37C1 <=0.0189, R37C1=0) 

.0.  <.5/R26Cl*R21Cl/0.2»  (  R96C4  / 
lOOOOOOOO)  )  ''0.508*64923) 

45  < I F ( R66C 1  =  1 , 1 ,0. 3) ) «  < (R21C1/0 
.  2*R96C4/100000000)  '‘0.368*259 
691  ) 

46  IF ( AND  <  R59C1  =  1 , R26C5<  =  < 1 . 25 *R 
96C1 ) ) .0, lO) * (R96C4/100000000 
*R21C1  /  O.  2«R26C5/R9C572000)  ~0 
.261*32461 

47  I F ( R1 5C5>R42C1 , <  < IF ( R17C3/ <R1 
4C3+R17C3) >0. 21 ,1.25,1)) * (782 
20  +  3.747*  R25C3* ( R29C1 +460) / 19 
60-R96C4/R2C5) ) ,0) 

48  SUM<R97: 101C4) 

4  9  SUN  <  R4  2 : 48C5) 

50  R49C5»1 . 32 

51  R39C1 
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53  R39C5+R38C5+R37C5+R36C5+R33C5 
►  R27C5  +  R58C5 

54 

55  R54C5* 1C00000/R35C5 

5b  -  <  R98C5  R57C5) * R39C 1 ) / ( R50C5 / 

( R35C5/ 1000000) ) 

57  RS3C5* 1 000000 /R35C5 

58  I F ( R65C1 -  1 , R32C5*R9C5  *14*R33C 
1  +0. 165*  R32C5*R9C5 , 0 ) 
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69  IF (R51C2/R25C2<=2, (R51C2/R25C 
2 ) *1.44*0.368.1) 

70  R82C5*R69C5«  < 1 -R77C5) 

71  R70C5* 1000000/ <R36C2) 

72  R82C5*R69C5* 1000000/ (R36C2) 

73  R63C4 

74  R73C5/4 . 5 

75  R71C4+R72C4 

76  R90C3*  <  R51C2/R48C2) * (R29C1 *46 
0) /196G 

77  R21C5 

78  IF (R71C5>R42C1 ,1.0) 

79  0.00052*R33C1«R63C4 

80  ( IF  < R64C1  =  1 , 1 . 0  > ) * ( R57C5/ 1000 
•  1 . 3*R33C1 ) *  < IF  <  R86C4<  =  1 , < R86 
C4 ) *0 . 5 . <  R86C4  >  *2 ) ) 

81  0 

82  R40C2-R37C2 

83  R84C5*8320«R40C1 «R44C1 

84  (  ( R48C2 / 200000000 ) *  0 . 58 ) *  <  < IF 
( R60C1  =  1 . 1 .0) ) * ( IF(R61C1  =  1 ,2 . 
75.0) ) > 

85  R66C5*R34C1 

8b  R67C5/2000*R35C1 

87  R9ic3«Ra&c5 

88  IFtR41Cl=0. < IF <R60C1»1 .0.95.0 
)  )  *<IF(AND<R61C1  =  1 ,R63C1*1) .0 
.903.0) ) - < IF  <  AND C R61C1 ~ 1 • R63C 
1 =  O ) . 0 . 855 . O )  ) . R4 1 C 1 > 

89  R87C5-R60C5 

90  <  SUM ( R79 : 81C5 ) ) »R87C5 

91  R85C5*R87C5 

92  P86C5*R87C5 

93  R43C1 »R45C1 
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1 

"M,  LB/HR 

66 

1 

RC-13C* 

1 

67 

R [ - 1 3  C  + 

1 

68 

R  [  -1 3 C* 

-1 

"CF  SH  MAF" 

R53C10 

69 

1 

R  [  -13  C  + 

4 

"CF  HHV  MAF" 

70 

1 

RC-13C  + 

1 

"RDF  SH  MAF" 

R54C10 

71 

R  [-13  O 
1 

"RDF  HHV  MAF" 

72 

R  C  - 1 3  C* 

1 

"ASH" 

R55C10 

73 

1 

Rf-13  C* 

"H20  LIQUID" 

R56C10 

74 

I 

R [ - 1 3  C* 

"AIR, CP* .24" 

R57C10 

75 

1 

RC-13C* 

1 

"DPC , CP* . 25" 

76 

R  t - 1 3  C* 

1 

"H20  VAPOR" 

77 

1 

R  [-13C- 
1 

"CARBON,  HHV  ONLY" 

78 

X 

R  C-13C* 

4 

"LOSSES" 

79 

X 

RC-130 

1 

"TOTALS" 

R58C10 

80 

1 

R  [  -1 3  C  + 

1 

81 

1 

R  [-130 

"MASS  FLOWRATE  OF  A 

1 

S  RCVD  RDF,  OIT" 

82 

R  [-130 

"MASS  FLOWRATE  OF  C 

1 

F,  OIT" 

83 

R  [  - 1 3  C* 

"HIGHER  HEATING  VAL 

1 

UE  OF  RDF,  AS-RCVD" 

84 

RC-13C* 

"FRAC  EXCESS  AIR  RE 

1 

QD  FOR  RDF  COMBUSTI 

ON" 

85 

Rt-IJO 

"ENTHALPY  TRANSFERE 

1 

D  TO  STEAM,  OIT” 

86 

RC-13C* 

"BOILER  EFFICIENCY, 

1 

A  FRACTION,  OIT" 

3 


1 

87  RC-13C* 
1 

88  RC-13C* 
1 

89  R [ -13  C  + 
1 

90  RC-13C* 
1 

91  RC-1HO 
1 


2 

"VOLUMETRIC  FLOWRAT 
E  FROM  FURNACE  W/  C 
F" 

••0U0TE  TURNDOWN  UNO 
UOTE*' 

"CARBON  LOSS  AS  A  F 
RAC  OF  CF  FUEL  VALU 
E“ 

“CARBON  LOSS  AS  A  F 
RAC  OF  RDF  FUEL  VAL 
UE” 


92  R  t - 1 1 C  + 
1 

93  R  t - 1 3  C  + 
1 


94  RC-13C* 
1 

95  R [-1] C* 
1 

96  RC-1JC- 
1 

97  R  [  -1 3 C* 
1 

98  RC-13C+ 
1 

99  R  C  - 1 3 C* 
1 

100  RC-13C* 
1 

101  R [ - 1 3  C  + 
1 

102  RC-13C+ 
1 

103  RC-13C+ 
1 

104  R  C - 1 3  C  + 
1 

105  R [ - 1 3  C* 
1 

106  R [ - 1 3  C* 
1 

107  RC-13C* 
1 

loe  RC-13C* 


"RDF  COFIRING  FLOWS 
,  FIRST  ITERATION, 
CURRENT  CONVENTIONA 
L  FUEL  AND  RDF" 


”CF  SH  MAF" 

"CF  HHV  MAF" 

"RDF  SH  MAF" 

"RDF  HHV  MAF" 

"ASH" 

"H20  LIQUID" 

"AIR , CP= . 24" 

"DPC , CP= . 25" 

"H20  VAPOR" 
"CARBON,  HHV  ONLY" 
"LOSSES" 


"IN" 

"M,  LB/HR 

R87C10 

R88C10 

R89C10 

R90C10 

R91C10 


R92C10 


109  R  t  - 1 1  C+  "TOTALS ** 

1 

110  R  £  -1 3  C+ 

1 

111  R  t - 1 ] C+  "ENTHALPY  TRANSFERE 

1  D  TO  STEAM  ,1  IT” 

112  R  C -13  O  "BOILER  EFFICIENCY, 

1  A  FRACTION,  1  IT" 

113  R [ -13  C+  "VOLUMETRIC  FLOWRAT 

1  E  FROM  FURNACE,  1  I 


19  R6C10 


20  R7C10 

21 

R11C10 

R16C10 

22  R8C10 

23  R9C10 

24 

R12C10 

R17C10 

25 

R13C10 

R18C10 

26 

R14C10 

R19C10 

27 

R2OC10 

28  R10C10 

R15C10 

R21C10 

29 

30 

R22C10 

"BTUH" 

31 

R23C10 

"HOME" 

32 

R24C10 

"LB/HR 

33 

R25C10 

"ACFM" 

34 

R26C10 

"LB/HR 

35 

36 

37 

38  "IN" 

39  "E,  BTUH" 

40 

D-54 


“OUT”  "OUT" 

"M,  LB\HR"  "E,  BTUH" 


s' s'/,'  y.'.\  .*■  '.v.-'v^y'  vLv’v.v  '* v?.*  v. 


41  R32C10 


42  R33C10 

43 

R37C10 

R42C10 

44  R34C10 

45  R35C10 

46 

R36C10 

R43C10 

47 

R39C10 

R44C10 

46 

R40C10 

R45C10 

49 

R46C10 

50  R36C10 

R41C10 

R47C10 

51 

52 

R46C10 

"BTUH** 

53 

R49C10 

"NONE’* 

54 

R50C10 

MLB/HR 

55 

R51C10 

”ACFM" 

56 

R52C10 

”LB/HR 

57 

58 

59 

60 


vvV  .A-Cv.V.'.Vv' 


62 


5 


6 


7 


63 

64 

"IN” 

"OUT" 

"OUT" 

65 

“E,  BTUH" 

"M,  LB/HR" 

“E,  BTUH 

66 

67 

68 

R59C10 

69 

R60C10 

70 

R61C10 

71 

R62C10 

72 

R66C10 

R71C10 

73 

R63C10 

74 

R64C10 

75 

R67C10 

R72C10 

76 

R68C10 

R73C10 

77 

R69C10 

R74C10 

78 

R75C10 

79 

R65C10 

R70C10 

R76C10 

80 

81 

R77C10 

"lb/hr" 

82 

R78C10 

"lb/hr" 

83 

R79C10 

"btu/lb" 

84 

R80C10 

"NONE" 

85 

R81C10 

"btuh 

86 

R82C10 

"non* 

D-56 


/■/•/ 

fc£_ 

u* 


s 


*>.% 
V  %'  ■, 

>5* 

v/ 


V.v , . 

*>  -  ^ 
■>-.v 
.»«  *  *_' 
A'-\ 
V  v 


SS: 

£S 

ss 

• .  »“o 

-  -  m 


VA  /, 

■*V%V 

;  s  v  • 

r.>v> 


ir*i 

C’.v'.V 
•'.'> 
VI'*> 
'•»*• 
v  -V 
v» 
'*_.'«■> 


S.S.'. 
,'  .  ■  . 


>-  “4 

r.%,\ 

•  /*> 
/.sV* 
. ,  \v  ■«' 


\  r.  v  \  ■ 


tv.v.v.v.v  VA-.W'WW  VV  W  I."  XT  ■ 


87 

R83C10 

"acf*" 

88 

R84C10 

"percent' 

89 

R85C10 

"none" 

90 

R86C10 

"none" 

91 


92 

93 


95 

"IN" 

“OUT" 

"OUT" 

96 

"E,  BTUH" 

"M,  LB/HR" 

"E,  BTUH 

97 

98 

R93C10 

99 

R94C10 

10C 

R95C10 

101 

R96C10 

102 

R100C10 

R105C10 

103 

R97C10 

104 

R98C10 

105 

R101C10 

R1U6C10 

106 

R102C10 

R107C10 

107 

R103C10 

R108C10 

108 

R109C10 
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109  R99C10 

R104C10 

R110C10 

110 
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R111C10 

“BTUH” 
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R112C10 

"HONE" 
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R113C10 

•’ACFM** 
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Cworkl  xferdat23 


Cworkl  x£erdat23 

Cworkl  x£erdat23 

Cworkl  xferdat23 
Cworkl  x£erdat2] 

Cworkl  xferdat21 

Cworkl  xferdat2] 

Cworkl  xferdat2] 

Cworkl  xferdat2J 

Cworkl  xferdat21 
Cworkl  xferdat2J 
Cworkl  xferdat23 
Cworkl  xferdat2D 

Cworkl  x£erdat23 

Cworkl  x£erdat23 
Cworkl  xferdat23 
Cworkl  xferdat2D 


Cworkl  xferdat2] 


Cworkl  x£ardat23 


Cworkl  x£ardat23 
Cworkl  x£ardat23 
Cworkl  x£erdat23 
Cworkl  x£ardat23 
Cworkl  xfardat23 
Cworkl  x£ardat23 
Cworkl  xfardat23 
Cworkl  x£ardat23 
Cworkl  xfardat23 
Cworkl  xfardat21 
Cworkl  x£ardat23 

Cworkl  x£ardat23 

Cworkl  x£ardat23 
Cworkl  x£erdat23 

Cworkl  x£erdat23 

Cworkl  x£ardat23 

Cworkl  x£ardat23 

Cworkl  x£ardat23 
Cworkl  x£ardat23 
Cworkl  x£ardat23 
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42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 


[  workl 

[workl 

[workl 

[workl 

[workl 

[workl 

[workl 

[workl 

[workl 

[workl 

[workl 

[workl 

[workl 
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55 

56 

57 


[workl 

[workl 

[workl 

[workl 
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[workl 

[workl 
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xferdat2] 
xferdat2] 
xf erdat2] 
xf erdat2] 
xf erdat2J 
xf erdat2] 
xf erdat2] 
xf erdat2] 
xferdat2] 

xf erdat2J 

xf erdat2] 
xf erdat2] 

xf erdat21 

xf erdat2] 

xf  erdat2J 
xf erdat2J 

xf erdat2J 
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[workl  xfardat23 
Cworkl  xfardat.2] 
Cworkl  x£ordat2) 
Cworkl  x£ardat23 
Cworkl  x£ardat23 
Cworkl  xfardat21 
Cworkl  x£ardat23 
Cworkl  x£ardat23 
Cworkl  xfardat23 
Cworkl  xfardat23 
[workl  xfardat23 
Cworkl  x£ardat23 
Cworkl  x£ardat23 
Cworkl  x£ardat23 
Cworkl  x£ardat2) 
Cworkl  xferdat23 
Cworkl  x£ardat23 
Cworkl  x£ardat23 
Cworkl  x£ardat23 
Cworkl  x£ardat23 
Cworkl  x£ardat23 
Cworkl  x£ardat23 

Cworkl  x£ardat23 
Cworkl  x£ardat23 
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[workl 
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Cworkl 
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[workl 

90 

[workl 

91 

[workl 
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94 
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95 

[workl 

96 
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99 
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103 
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105 

[workl 

106 

[workl 

107 

[workl 

108 

[workl 
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xf erdat21 

xf erdat23 
xf erdat23 

xf erdat21 

xf erdat2] 

xferdat2] 
xf erdat2] 

xferdat2] 
xferdat23 
xferdat23 
xferdat2] 
xf erdat23 
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xf erdat23 
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xferdat23 
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1  2 

1  232  "THE  FOLLOWING  TABLES 

REPRESENT  THE  LIMITS 
OF  STEAM  PRODUCTION 
BETWEEN" 

2  R  [  -1  ]  C*  "WHICH  RDF  MAY  BE  COF 

1  IRED.  THESE  ARE  THE  M 

CR  (MAXIMUM  CONTINUOU 
S  RATING)" 

3  RC-DC-i-  "AND  THE  MAXIMUM  COFI 

1  RED  TURNDOWN . " 

4  RE-13C* 

1 

5  R  £ -D  C*  " - 

1  - 


6  RE-DC*  "MCR  WHILE  COFIRING  R 

1  DF  AND  CURRENT  CONVEN 

TIONAL  FUEL:" 

7  R [-11 C* 

1 

8  RE-13C* 

1 

9  re-dc* 

1 

10  R [-1 ] C* 

1 

11  R  £  -  D  C*  "CF  SH  MAF" 

1 

12  R[-l]Ct  "CF  HHV  MAF" 

1 

13  RE-DC*  "RDF  SH  MAF” 

1 

14  R  E  -  U C*  "RDF  HHV  MAF" 

1 

15  RE-UC*  "ASH" 

1 

16  RE-DC*  "H20  LIQUID" 

1 

17  R  E  -  D  C*  "AIR,  CP= . 24" 

1 

18  R  t - 1 ] C*  "DPC ,  CP= . 25" 

1 

19  RE-UC*  "H20  VAPOR" 

1 

20  RE-UC*  "CARBON,  HHV  ONLY" 

1 

21  RE-UC*  "LOSSES" 

1 

22  R  £  - 1 3  C*  "TOTALS" 

1 
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23  RC-13C+ 
1 

24  R [ - 1 ] C* 
1 

25  R  t  -13  C  + 
1 

26  Rt~l JC+ 
1 

27  R [ - 1 3  C  + 
1 

28  RC-13C-*- 

1 

29  R[-11Ct 
1 

30  R  t-1]  C-i- 
1 

31  Rt-DC'- 
1 


"MAX  ALLOW  VOLUMETRIC 
FLOWRATE  FROM  FURN" 
"RATIO  OF  VDOTMCR  TO 
VD0T1 " 

“CARBON  LOSS  AS  A  FRA 
C  OF  CF  FUEL  VALUE" 
"CARBON  LOSS  AS  A  FRA 
C  OF  RDF  FUEL  VALUE" 
"MAXIMUM  CONTINUOUS  R 
ATING  WHILE  COFIRING" 
"BOILER  EFFICIENCY  AT 
MCR  WHILE  COFIRING- 


32  R  t  - 1 3  C-*-  "MAXIMUM  COFIRED  TURN 
1  DOWN,  RDF  AND  CURRENT 

CONVENTIONAL  FUEL:" 


33 

RI-13C+ 

1 

34 

r  [  -  n  c- 
i 

35 

RH1C* 

1 

36 

R[-13C* 

1 

37 

RC-1JC+ 

1 

"CF  SH  MAF" 

38 

R  C -  1 ] C  + 

1 

"CF  HHV  MAF" 

39 

R  [  - 1 3  C  + 

"RDF  SH  MAF" 

40 

R  [  -  1 3  C  + 

1 

"RDF  HHV  MAF" 

41 

R  C -  1 J  C» 

"ASH" 

42 

Rl-lIC* 

1 

"H20  LIQUID" 

43 

R  t  -  1  3  C* 
l 

"AIR,  CPr . 24” 

44 

R  [  13C* 

1 

"DPC ,  CP  = -  25” 

4  5 

RC-13C+ 

1 

"H20  VAPOR" 

46 

Rt-  13C- 

1 

"CARBON „  HHV  ONLY’ 

47 

RC-13C- 

"LOSSES" 

1 


3 


..ytt 


*S:: 


v:-v- 


I*-  «■ 
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48  RC 
1 

49  Rt 
1 

50  RC 
1 

51  Rt 
1 

52  Rt 
1 

53  RC 
1 

54  RC 
1 

55  Rt 
1 

56  RC 
1 


-13  O  "TOTALS" 

-130 

-no  "VOL  FLOWRATE  FROM  FU 
RNACE  AT  MMAX  TURNDOW 
N" 

-no  "XXX  TIMES  RATIO  OF  D 
TOTHHVCF  TO  TOTHHVCF" 
-HO  "CARBON  LOSS  AS  A  FRA 
C  OF  CF  FUEL  VALUE" 
-HO  "CARBON  LOSS  AS  A  FRA 
C  OF  RDF  FUEL  VALUE" 
-1JO  "MAX  TURNDOWN  COFIRED 
STEAMRATE,  BT  STEAM" 
-HO  "BOLIER  EFFICIENCY  AT 
MAX  COFIRE  TURNDOWN" 

-no  " - 


57  RC 
1 

58  RC 
1 


-no 


59  RC- 
1 


60  RC 
1 

61  RC- 
1 

62  RC 
1 

63  RC 
1 


no 


-no 


-no 


"LINES  BELOW  SHOW  THE 
AMOUNT  OF  COFIRED  ST 
EAM  WHICH  AMY  BE" 
"SUPPLIED  BY  SHIFT,  D 
AY,  AND  SEASON.  IT  A 

LSO  RESULTS  IN  HOURS, 
•  • 

"THE  TIME  PER  YEAR  TH 
AT  COFIRING  TAKES  PLA 
CE  IF  AVAILABILITY  WE 
RE" 

"100X  AND  REALDOT,  AN 
AVERAGE  ANNUAL  COFIR 
ED  STEAMRATE  AT  100X" 
"AVAILABILITY." 


"  SUMMER  STEAM  SU 
PPLY ,  COFIRED,  AVERAG 
E  HOURLY,  BTUH  STEAM: 


64  RC 
1 

65  RC 
1 

66  RC 
1 

67  Rt 
1 


-no 


•MON-FRI* 


•nc* 


VS  S  V 


w*  jvjw-^wyi  .rv»v» J ■  wn 


1 

68 

R  E  - 1 3  C  ♦ 

"SUN" 

> 

N 

1 

*  ' 

69 

R  E -1 3  C  + 

5 

70 

1 

RE-13C*  " 

WINTER  STEAM  SU 

PPLY ,  COFIRED,  AVERAG 
E  HOURLY,  BTUH  STEAM: 


S; 

►  *, 

71 

R  E  - 1 3  C  + 

1 

-72 

R [-13  C* 

•1 

i 

s’ 

73 

1 

RE-13  C* 

1 

y* 

74 

R  £ -1 3  C  + 

1 

£ 

75 

R  E-13C+ 

1 

■I 

76 

R  E - 1 3  C  + 

1 

77 

RE-13C+ 

"SPRING/FALL  STEAM  SU 

i 

1 

PPLY,  COFIRED,  AVERAG 
E  HOURLY,  BTUH  STEAM: 

•  V 

$ 

78 

R  £  - 1 3  C  + 

1 

>. 

'y 

79 

R  £  - 1 3  C  ♦ 

1 

V 

| 

80 

R  £-13  C* 

1 

> 

w*. 

81 

R  E  -13  C* 

1 

■»  # 

82 

RE-13C-' 

1 

83 

R  £  - 1 3  C* 

1 

84 

X 

R  E - 1 3  C  + 

"TOTAL  ANNUAL  STEAM  S 

fc- 

1 

UPPLIED  COFIRED" 

t- 

85 

R  E-13C-* 

"AVG  COFIRED  STEAM  SU 

V. 

f- 

1 

PPLY  RATE,  THEORITICA 
L" 

to 

86 

RE-13C+ 

"HOURS/YR  COFIRING  AS 

& 

1 

SUMING  100X  AVAILABIL 
ITY" 

87 

RE-13C* 

"REAL  AVG  HOURLY  COFI 

>; 

1 

RED  STEAMRATE" 

> 

u* 

! 

V 

V' 

V 
\* 

s.- 

88 

89 

90 

91 

92 

RE-13C+ 

1 

"MON-FRI" 

"SAT" 

“SUN" 


"MON-FRI” 

"SAT” 

"SUN" 
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>  v 
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V  «"  ’V*  ".k  "  *.  ■  k  '  k  *  kT"  A 

.*> 


8  "IN* 


9  *‘M .  LB/HR’ 


•E,  BTUH* 


•M,  LB/HR* 


11  RICIO 


R7C10 


R6C10 


13  R2C10 


R9C10 


RIOCIO 


15  R3C10 


R14C10 


16  R4C10 


R11C10 


17  R5C10 


R12C10 


R15C10 


R16C10 


22  R6C10 


R13C10 


R17C10 


R18C10 


•  *  *  ”  »  'M  *  *  "  «  "  ~ 

I  *  *  -  ^  •  *  »  *  *  .  '  <  ,  "  .  •  .  '  ,  ■ 


V-  >V'V>  _'k  ^  Vk'_V_%\V Vs.-."-,'  V  ,  >w-  v\V\  v- 


24 


R25C10 


25 

26 

27 

28 

29 

30 

31 


32 


33 

34  "IN" 

35  "M,  LB/HR" 

36 

37  R32C10 

38 

39  R33C10 

40 

41  R34C10 

42  R35C10 

43  R36C10 

44 

45 

46 

47 


"IN" 

"E,  BTUH" 

R38C10 

R39C10 

R40C10 

R41C10 

R42C10 

R43C10 


R26C10 

R27C10 

R28C10 

R29C10 

R30C10 

R31C10 


"OUT" 

"M,  LB/HR” 


R45C10 


R46C10 

R47C10 

R48C10 
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s/.'- 


Jt.  ..Jk... JH... 


48  R37C10 


R44C10 


R49C10 


R56C10 


R57C10 


R58C10 


R59C10 


R60C10 


R61C10 


'SHIFT  1' 


•SHIFT  2* 


R62C10 


R63C10 


R65C10 


R66C10 


4 


R68C10 


5 


R69C10 


68 

69 

70 

71 

72 

73 

74 

75 

76 

77 


78 

79 

80 
31 
82 

83 

84 

85 

86 


"SHIFT  1“ 
R71C10 
R74C10 
R77C10 
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COMPLETE  OPERATIONAL  AND  ECONOMIC  DATA  OUTPUTS 
FOR  THE  SENSITIVITY  AND  BEST  CASE  ANALYSIS 
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DISTRIBUTION  LIST 


AFB  HO  TAC  DEMM  (Schmidt).  Langley.  VA 

ARMY  ARDC.  Library.  Dover.  NJ.  Ch  of  Engrs.  DAEN-CWE  M.  Washington.  DC'.  Ch  of  Engrs. 

DAEN-MPU.  Washington.  DC:  ERADCOM  Tech  Supp  Dir.  (DELSD-L).  Fl  Monmouth.  NJ;  R&D  C'md. 
STRNC-WSA  (Kwoh  Hu).  Natick.  MA 
ARMY  AMMUNITION  PLANT  SARHW-FET.  Hawthorne.  NV 
ARMY  CRREL  CRREL-EA.  Hanover.  NH 

ARMY  MAT  &  MECH  RSCH  CEN  DRXMR-SM  (Lenoe).  Watertown.  MA 

CBC  PWO  (Code  SO).  Port  Hueneme.  CA;  PWO.  Davisviife.  RI;  PWO.  Gulfport.  MS 

CNO  Code  NOP-%4.  Washington.  DC.  Code  OP  987.  Washington.  DC.  Code  OP  41.7.  Washington.  DC;  Code 
OPNAV  INB24  (H).  Washington.  DC 
COMFLEACT  PWO.  Sasebo.  Japan 
COMNAVDIST  PWO.  Washington.  DC 
DOD  DDR&E.  Washington.  DC 
DTNSRDC  PWO.  Bcthesda.  MD 

ENVIRONMENTAL  PROTECTION  AGENCY  Reg  III  Lib.  Philadelphia.  PA 
FCTC  LANT.  PWO.  Virginia  Bch.  VA 
FOREST  SERVICE  Engrg  Staff.  Washington.  DC 

MARINE  CORPS  BASE  PWO,  Camp  Lejeune.  NC;  PWO.  Camp  Pendleton.  CA 

MCAS  Code  FDP  Kaneohe  Bay.  HI;  Fac  Offr.  Iwakuni.  Japan;  PWO.  Santa  Ana.  CA:  PWO.  Beaufort.  SC: 

PWO.  Cherry  Point.  NC:  PWO.  Yuma.  AZ 
MCDEC  PWO.  Ouantico.  VA 
MCLB  PWO.  Albany.  GA  PWO.  Barstow  CA 
McRD  PWO.  Parris  Island.  SC 

NAF  PWO.  Atsugi.  Japan:  PWO.  El  Centro.  CA;  Detroit.  PWO.  Mount  Clemens.  Ml.  PWO.  Washington.  DC 
NAS  PWO  (Code  632).  Point  Mugu.  CA:  PWO.  Jacksonville.  FL;  PWO.  Meridian.  MS:  PWO.  New  Orleans. 
LA.  PWO.  Alameda.  CA;  PWO.  Fallon.  NV;  PWO.  Beeville.  TX;  PWO.  Cecil  Field.  FL;  PWO.  Corpus 
Christi  TX:  PWO.  Dallas  TX  PWO.  Glenview  IL.  PWO.  Key  West.  FL;  PWO.  Kingsville  TX:  PWO. 
Lemoore.  CA.  PWO.  Marietta.  GA;  PWO.  Millington.  TN;  Whiting  Fid.  PWO.  Milton,  FL.  PWO. 

Miramar.  San  Diego.  CA.  PWO.  Moffett  Field.  CA;  PWO.  Norfolk.  VA 
AF  4700  ADS  (SPT)  (TAC).  Peterson  AFB.  CO:  ABG'DER.  Patrick  AFB.  FL 

AFB  7480  CESDEEV.  Goodfellow  AFB.  TX:  AUULSE  63-465.  Maxwell.  AL:  HO  MAC'DEEE.  Scott  AFB. 
IL.  AFITDET.  Wright-Pattcrson  AFB.  OH 

AFESC  ho  AFESCTST.  Tyndall  AFB.  FL.  DEB.  Tvndall  AFB.  FL;  HO  TST.  Tyndall  AFB.  FL 
ARMY  BMDSC  RE  (H  McClellan).  Huntsville.  AL:  Engr  Dist  Memphis.  Lib.  Memphis.  TN;  FESA-EM 
(Kra)ewski).  Ft  Belvoir.  VA;  FESA-EM.  Ft  Belvoir.  VA 
ARMY  CERL  Library.  Champaign  IL;  CERL-ZN,  Champaign,  IL 

ARMY  CORPS  OF  ENGINEERS  HNDED-CS.  Huntsville,  AL;  HNDED-SY.  Huntsville.  AL 
ARMY  ENVIRON  HYGIENE  AGCY  Dir.  Env  Oual.  Aberdeen  Proving  Grnd.  MD:  HSE-RP-HG. 

Arherdeen  Proving  Grnd.  MD:  HSHB-EW.  Aberdeen  Proving  Grnd.  MD 
ARMY  MISSILE  R&D  C'MD  Ch.  Docs.  Sci  Info  Ctr.  Arsenal.  AL 

ARMY  BELVOIR  R&D  CTR  STRBE-CFLO,  Ft  Belvoir.  VA;  STRBE-AALO.  Ft  Belvoir.  VA. 

STRBE  BLORE.  Ft  Belvoir.  VA.  STRBE-WC.  Ft  Belvoir.  VA 
BUREAU  OF  RECLAMATION  Code  1512  (C  Selander).  Denver.  CO 
CNO  Code  OP-987J.  Washington.  DC:  OP-098,  Washington.  DC 
DEFFLELSUPPCEN  DFSC-OWE.  Alexandria  VA 
DLSIE  Army  Logistics  Mgt  Center.  Fort  Lee.  VA 
DOE  Wind/Ocean  Tech  Div.  Tobacco.  MD 

ENVIRONMENTAL  PROTECTION  AGENCY  Reb  VIII.  Lib.  Denver.  CO 

FAA  Code  APM-740  (Tomita).  Washington,  DC 

GSA  Code  FAIA.  Washington.  DC;  Code  PCDP.  Washington.  DC 

IRE-ITTD  Input  Proc  Dir  (R.  Danford).  Eagan.  MN 

LIBRARY  OF  CONGRESS  Sci  &  Tech  Div.  Washington.  DC 

NAS  Lead  CPO.  PWD.  Self  Help  Div.  Beeville.  TX;  PWO.  Oak  Harbor.  WA.  Oceana.  PWO.  Virginia  Bch. 

VA:  PWO.  South  Weymouth.  MA.  PWO.  Willow  Grove.  PA 
NATL  RESEARCH  COUNCIL  Naval  Studies  Board.  Washington.  DC 
NAVAIRDEVCEN  PWO,  Warminster.  PA 
NAVAIRENGCEN  PWO.  Likehurst.  NJ 
NAVAIRPROPTESTCEN  PWO,  Trenton.  NJ 
NAVAIRTESTCEN  PWO.  Patuxent  River.  MD 
NAVAVIONICCEN  PW  Div.  Indianapolis.  IN 
NAVCOASTSYSCEN  Code  630.  Panama  City.  FL 
NAVFAC  PWO.  Charleston.  OR:  PWO.  Pacific  Beach.  WA 


NAVFACENGC  OM  (  ode  t)3.  Alexandria.  V'A.  Code  (I32E.  Alexandria.  VA,  Code  II3T  (Essoglou).  Alexandria. 
V'A.  Code  II4B3.  Alexandria.  VA 

AFB  K2ABG  DEMC.  William-.  AZ.  AFSC  DEEQ  (P  Montoya).  Peterson  AFB.  CO.  SAMSO/MNND.  Norton 
AFB  CA:  SAMSO  DEC  (Sauer).  Vandenberg  AFB.  CA 
ARMY  Fats  Engr  Dir.  Contr  Br.  Ft  Ord.  CA.  POJED-O.  Okinawa.  Japan;  Comm  Cmd.  Tech  Ref  Div. 
Huachuca.  AZ 

ARMY  DEPOT  Letterkenny.  Fae  Engr  ISDSLE-SF).  Chambersburg.  PA 

ARMY  ENGR  DIST  Eibrary.  Portland  OR 

DTIC  Alexandria.  VA 

GIDEP  OIC.  Corona.  CA 

KWAJALEIN  MISRAN  BMDSC-RKL-C 

NAVFACENGCOM  Code  ill.  Alexandria.  VA.  Code  l)32E.  Alexandria.  VA:  Code  l)4M.  Alexandria.  VA;  Code 
FPO-3A2  (Bloom).  Alexandria.  VA.  Code  FPO-3C.  Alexandria.  VA.  Code  0H12.  Alexandria.  VA.  Code 
INMI24  (Tech  l.ibl.  Alexandria.  VA:  Code  100.  Alexandria.  VA:  Code  1 1 1.1.  Alexandria.  VA:  (  .  II1B 

(Flanneman).  Alexandria.  VA:  Code  112,  Alexandria.  VA.  Code  II3C.  Alexandria.  VA 
NAVFACENGCOM  -  CUES  DIV  Code  FPO-IPL.  Washington.  DC.  CO.  Washington.  DC 
NAVFACENGCOM  -  LANT  DIV  Library.  Norfolk.  VA;  CO.  Norfolk.  VA 
NAVFACENGCOM  •  NORTFi  DIV  CO.  Philadelphia.  PA 

NAVFACENGCOM  -  PAC  DIV  CO.  Pearl  Harbor.  HI;  Library.  Pearl  Harbor.  HI 
NAVFACENGCOM  SOUTH  DIV.  CO.  Charleston.  SC;  Library.  Charleston.  SC 

NAVFACENGCOM  -  WEST  DIV  Br  Offc.  Code  II4C.  San  Diego.  CA.  Br  Ofc.  Security  Offr.  San  Diego.  CA, 
CO.  San  Bruno.  CA:  Library  (Code  H4A2.2).  San  Bruno.  CA 
NAVFACENGCOM  CONTRACTS  SW  Pac.  OICC.  Manila.  RP 
NAVHOSP  pwo.  Philadelphia.  PA.  PWO.  Beaufort.  SC.  PWO.  Portsmouth.  VA 
NAVMEDCOM  MIDLANT  REG.  PWO.  Norfolk.  VA;  PWO.  Bethesda.  MD 
NAVOCEANO  Library  Bay  St  Louis.  MS 
NAVORDSTA  PWO.  Indian  Head.  IMD.  PWO.  Louisville.  KY 
NAVPH1BASE  PWO.  Norfolk.  VA 

NAVSHIPYD  Library.  Portsmouth.  NH;  PWD.  Long  Beach.  CA;  PWO.  Bremerton.  WA:  PWO,  Charleston. 

SC:  PWO.  Mare  Island.  Vallejo.  CA:  PWO.  Portsmouth.  VA:  PWO.  Philadelphia.  PA;  PWO.  Portsmouth. 

NH 

NAVSTA  PWO.  Brooklyn.  NY;  PWO.  .fayport,  FL;  PWO.  Treasure  Is.  San  Francisco,  CA;  PWO.  Seattle. 

WA;  PWO.  Vallejo.  CA 
NAVSl'PPFAC  PWO.  Thurmont  MD 

NAVSURFWPNCEN  DET.  White  Oak  Lab.  Proj  Mgr.  Artie  ASW.  Stiver  Spring.  MD:  PWO.  Dahlgren.  VA 
NAVUSEAWARENGSTA  PWO.  Kevport.  WA 
NAVWPNCEN  PWO  (Code  266).  China  Lake.  CA 

NAVWPNSTA  PWO.  Charleston.  SC:  PWO.  Concord.  CA;  PWO.  Seal  Beach.  CA 
NAVWPNSTA  PWCJ.  Yorktown.  VA 
NAVWPNSUPPCEN  PWO.  Crane.  IN 
NOAA  Librarv.  Rockville.  MD 

NSC  Cheatham  Annex.  PWO.  Williamsburg.  VA,  PWO,  Norfolk,  VA 
OFFICE  SECRETARY  OF  DEFENSE  OASD  (MRA&L)  Dir  of  Energy.  Washington.  DC 
PAC  MISRANFAC  PWO.  Kauai.  HI 
PMTC  Code  5054-S  Point  Mugu.  CA 

PWC  CO.  Great  Lakes.  IL.  CO.  Pensacola.  FL;  CO,  Norfolk.  VA:  CO.  Oakland.  CA;  CO.  Yokosuka.  Japan. 
Code  IlHIE.  Great  Lakes.  IL.  Code  101  (Library).  Oakland.  CA;  Code  110.  San  Diego.  CA:  Code  123-C. 

San  Diego.  CA:  Code  420.  Great  Lakes.  IL;  CO.  Pearl  Harbor.  HI:  Library  (Code  134).  Pearl  Harbor.  HI: 
Library.  Guam.  Mariana  Islands;  Library.  Norfolk,  VA;  Library.  Pensacola.  FL;  Library.  Yokosuka  JA: 

Tech  Library.  Subic  Bay.  RP 
SPEC  PWO  (Code  0HX).  Mechanicsburg.  PA 

I  S  MERCHANT  MARINE  ACADEMY  Reprint  Custodian.  Kings  Point.  NY 
US  DEPI  OF  INTERIOR  Nat  l  Park  See.  RMR/PC.  Denver.  CO 
US  GEOLOGICAL  SURVEY  Marine  Geology  Offc  (Piteleki),  Reston.  VA 
USAF  REG  FIOSP  SGPM.  Fairchild  AFB.  WA 
ESAFE  DE-HFO.  Ramstein  AB.  Germany 

USD  A  Ext  Serv  (T  Maher).  Washington.  DC;  Forest  Prod  Lab.  Libr.  Madison.  WI;  For  Serv,  Equip  Dev  Cen. 

San  Dimas.  CA 
USN A  PWO.  Annapolis.  MD 

ADVANCED  TECHNOLOGY  Ops  Cen  Mgr  (Moss).  Camarillo.  CA 
ARIZONA  STATE  UNIVERSITY  Energy  Prog  Offc.  Phoenix.  AZ 
BONNEVILLE  POWER  ADMIN  Energy  Conserv  Offc.  Portland.  OR 
BROOKHAVEN  NATL  LAB  M  Steinberg,  Upton,  NY 

CALIF  DEPT  OF  NAVIGATION  &  OCEAN  DEV  G  Armstrong.  Sacramento.  CA 
CALIFORNIA  STATE  UNIVERSITY  C  V  Chelapati.  Long  Beach.  CA 
CITY  OF  AUSTIN  Resource  Mgmt  Dept  (G  Arnold).  Austin.  TX 


CITY  OF  LIVERMORE  Proiect  Engr  (Dawkins).  Livermore.  CA 
COLORADO  STATE  UNIVERSITY  CE  Dept  (Nelson).  Ft  Collins.  CO 
CONNECTICUT  Office  of  Policy  &  Mat.  Energy.  Div.  Hartford.  CT 
DAMES  &  MOORE  LIBRARY  Los  Angeles.  CA 
DRURY  COLLEGE  Physics  Dept.  Springfield.  MO 

FLORIDA  ATLANTIC  UNIVERSITY  Ocean  Engrg  Dept  (McAllister).  Boca  Raton.  FL 
FOREST  INST.  FOR  OCEAN  &  MOUNTAIN  Library.  Carson  City.  NV 
FRANKLIN  RSCH  CEN  M  Padusis.  Philadelphia,  PA 

GEORGIA  INSTITUTE  OF  TECHNOLOGY  Arch  Col  (Benton).  Atlanta.  GA 

HAWAII  STATE  DEPT  OF  PLAN.  &  ECON  DEV.  Tech  Info  Ctr.  Honolulu.  HI 

ILLINOIS  STATE  GEO.  SURVEY  Library.  Urbana,  IL 

WOODS  HOLE  OCEANOGRAPHIC  INST.  Proj  Engr.  Woods  Hole.  MA 

KEENE  STATE  COLLEGE  Cunninham.  Keene.  NH 

LAWRENCE  LIVERMORE  LAB  L-W  (F  J  Tokarz).  Livermore.  CA 

LEHIGH  UNIVERSITY  CE  Dept.  Hydraulics  Lab.  Bethlehem.  PA;  Linderman  Libr.  Ser  Cataloguer, 
Bethlehem.  PA 

LOUISIANA  DIV  NATURAL  RESOURCES  &  ENERGY  R&D  Div.  Baton  Rouge.  LA 
MAINE  OFFICE  OF  ENERGY  RESOURCES  Augusta.  ME 
MISSOURI  ENERGY  AGENCY  Jefferson  City.  MO 

MIT  Engrg  Lib.  Cambridge.  MA;  Hydrodynamics  Lab  (Harleman).  Cambridge.  MA;  Lib.  Tech  Reports. 
Cambridge.  MA 

MONTANA  ENERGY  OFFICE  Anderson.  Helena.  MT 

NATURAL  ENERGY  LAB  Library.  Honolulu.  HI 

NEW  MEXICO  SOLAR  ENERGY  INST.  Dr.  Zwibel  Las  Cruces  NM 

NY  CITY  COMMUNITY  COLLEGE  Library.  Brooklyn.  NY 

NYS  ENERGY  OFFICE  Library.  Albany.  NY 

PORT  SAN  DIEGO  Pro|  Engr.  Port  Fac.  San  Diego.  CA 

PURDUE  UNIVERSITY  Engrg  Lib.  Lafayette.  IN 

SEATTLE  UNIVERSITY  CE  Dept  (Schwaegler).  Seattle.  WA 

SRI  INTL  Phillips.  Chcm  Engr  Lah.  Menlo  Park.  CA 

ST  JOSEPHS  HOSPITAL  Phoenix.  AZ 

STATE  UNIV  OF  NEW  YORK  CE  Dept.  Buffalo.  NY;  Maritime  Col  (Longobardi).  Bronx.  NY 
TEXAS  A&M  UNIVERSITY  CE  Dept  (Ledbetter).  College  Station.  TX 

UNIVERSITY  OF  CALIFORNIA  Energy  Engr.  Davis.  CA;  Prof  E  A  Pearson.  Berkeley.  CA;  CE  Dept 
(Mitchell).  Berkeley.  CA;  Physical  Plant  (Ross).  San  Francisco.  CA 
UNIVERSITY  OF  DELAWARE  CE  Dept.  Ocean  Engrg  (Dalrymple).  Newark.  DE 
UNIVERSITY  OF  HAWAII  Library  (Sci  &  Tech  Div).  Honolulu.  HI 

UNIVERSITY'  OF  ILLINOIS  CE  Dept  (Hall).  Urbana.  IL:  Library.  Urbana.  IL.  Metz  Ref  Rm.  Urbana.  IL 

UNIVERSITY  OF  MASSACHUSETTS  ME  Dept  (Heroneumus).  Amherst.  MA 

UNIVERSITY  OF  NEBRASKA-LINCOLN  Ross  Ice  Shelf  Pro).  Lincoln.  NE 

UNIVERSITY  OF  TEXAS  AT  AUSTIN  CE  Dept  (Thompson).  Austin.  TX 

UNIVERSITY  OF  WASHINGTON  Engrg  Col  (Carlson).  Seattle.  WA 

UNIVERSITY  OF  WISCONSIN  Great  Lakes  Studies.  Ctr.  Milwaukee.  W! 

VENTURA  COUNTY  PWA  (Brownie).  Ventura.  CA 

APPLIED  SYSTEMS  R  Smith.  Agana.  Guam 

ARVID  GRANT  &  ASSOC  Olympia.  WA 

ATLANTIC  RICHFIELD  CO  R  E  Smith.  Dallas.  TX 

BRITISH  EMBASSY  Sci  &  Tech  Dept  (Wilkins).  Washington.  DC 

BROWN  &  ROOT  Ward.  Houston.  TX 

CHEMED  CORP  Dearborn  Chem  Div  Lib,  Lake  Zurich.  IL 

COLUMBIA  GULF  TRANSMISSION  CO.  Engrg  Lib.  Houston.  TX 

CONSTRUCTION  TECH  LAB  A  E.  Fiorato.  Skokie.  IL 

DIXIE  DIVING  CENTER  Decatur.  GA 

DURLACH.  O  NEAL.  JENKINS  &  ASSOC  Columbia.  SC 

GEOTECHNICAL  ENGINEERS  INC.  (R  F  Murdock)  Principal,  Winchester.  MA 

GRUMMAN  AEROSPACE  CORP  Tech  Info  Ctr.  Bethpage.  NY 

HALEY  &  ALDRICH.  INC  HP  Aldrich.  Jr.  Cambridge.  MA 

LINDA  HALL  LIBRARY  Doc  Dept.  Kansas  City.  MO 

LITHONIA  LIGHTING  Applications  Engrg  (B  Helton).  Conyers.  GA 

MATRECON.  INC  H  Haxo.  Oakland.  CA 

MC  DERMOTT,  INc  E&M  Div.  New  Orleans.  LA 

MEDERMOTT  &  CO  Diving  Division.  Harvey.  LA 

M1DLAND-ROSS  CORP  Surface  Comb  Div.  Toledo.  OH 

MOFFATT  &  NICHOL  ENGRS  R  Palmer.  Long  Beach.  CA 

PACIFIC  MARINE  TECHNOLOGY  (M  Wagner)  Duvall.  WA 

PG&E  Library.  San  Francisco.  CA 


PHEI  PS  ASSOC  P  A  Phelps  Rheem  Salles  C  \ 

PORTLAND  CLEMEN  l  ASSOC  C  ..rlc\  Skokie  II  .  Klicecr.  Skokie.  IL.  Rsch  A  Dei  L.ih  Lib.  Skokie  II 

RAYMOND  INTERNATIONAL  INC  L  Colie  Soil  Tech  Dept.  Pennsaukcn.  NJ 

SAND1A  LABORATORIES  l ihrars  Luermore.  C  A 

SHANNON  A  WILSON  INC  Librarian  Seal  lie.  VC  A 

TEXTRON  INC  Rsch  ten  lib  Bullalo.  NY 

THE  AM  WATERWAYS  OPERATIONS  INC  N  Schuster.  Arlington.  VA 
TRW  SYSTEMS  Dai.  San  Bernardino  C  A 

UNITED  lit  IINOI  OCilES  Hamilton  Sul  Do  l  ib  Windsor  Locks.  C  l 
WARD,  will  SILNIIOLM  ARC  III  I  EC  IS  Sacramento.  (A 
WESIINOIIOI  SL  I  I  EC  I RIC  CORP  I  ihrars.  Pitishnrc  PA 
WM  CLAPP  LABS  BA  LI  El  IE  (ihrars  Duxbuis  MA 
WOODW’ARD-t  LYDE  CONS!  HANTS  R  Cross  Walnut  Creek.  C  A 
BULLOCK.  IE  La  Canada.  C  A 
KEIRON  HOB  Et  Worth  IX 
MESSING.  I)  W  Voorhecs.  VI 
PETERSEN  C  API  NW  Pleasanton  C  \ 

SPIETAOCILL  I  \RRY  WAnole.  P  \ 

T  W  MLRMET  Washington.  DC 

ENERGY  RESOURC  E  ASSOC  JP  Walt/  I  oermore  (  \ 


